PRV 



PCT/SE 2004/00 0 9 



PATENT- OCH REGISTRERINCSVERKLT 

Patentavdelningen 




Certificate 




This is to certify that the annexed is a true copy o£ 



Registration Office in connection with the following 
patent application 



(71) Sokande AstraZeneca AB, Sodertalje SB 

Applicant (s) 



09 

m 

CO. 



G I S /-^ Barmed intygas att bifogade kopior overensstammer med de 

^ . handlingar som ursprungligen ingivits till Patent- och ^ 

^^^^^^'^\ ^^9istreringsYerKet i nedannamnda ansokan. < 

Ansokan ingavs ursprungligen pa engelska. " 



CP 



'^h^^ the documents as originally filed with the Patent- and fTl 



o 
o 

The application was originally filed in Bnglish. 



(21) Patentansokningsnummer 0303493"! 
Patent application number . 

(86) Ingivningsdatum 2003-12-19 
Date of filing 



Stockholm, 2004-03-25 



For Patent- och registreringsverket 
For the Patent- and Registration Office 

Bjordis Segerlund 

Avgift _ 
Fee 110 s- ' 

PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PATENT- OCH Postadress/Adress Telefon/Phone Telex Telefax 

REGISTRERINGSVERKET +^6 6 782 25 00 17978 +46 8 666 02 86 

SWEDEN S-102 42 STOCKHOLM Vx 08-782 25 00 PATOREG S 08-866 02 86 



NEW COMPOUNDS 



Reld of the Invention 

The present invention relates to new compounds of formula I, as a free base or salts 
thereof, to phamiaceutical compositions containing said compounds and to the use of said 
compounds in thi^japy* The present invention further relates to processes for the 
preparation of compounds of formula I and to new intermediates used in the preparation 
thereof. 

Background of the Invention 

Hie neurokinins, also known as the tachykinins, comprise a class of peptide 
neurotransmitters which are found in the peripheral and central nervous systems. The three 
principal tachykinins are Substance P (SP), Neurokinin A (NKA) and Neurokinin B 
(NKB). At least three receptor types are known for the three principal tachykinins. Based 
upon their relative selectivities favouring the agonists SP, NKA and NKB, the receptors 
are classified as neurokinin 1 <NKi), neurokinin 2 (NKa) and neurokinin 3 (NKa) receptors, 
respectively. 

Tbsie is a need for an orally active and blood brain barrier crossing dual NK1/NK2 receptor 
antagonist for the treatment of e.g. respiratory, cardiovascular^ neuro, pain, oncology, 
inflammatoiy and/or gastrointestinal disordm. In onto to increase the then^eutic index ci 
such therapy it is desirable to obtain su^ a compound possessing no or minimal toxicity as 
well as being selective to said NK receptors. Fbrthemiore, it is considered necessary that 
said medicament has favouid>le pharmacokinetic and metaboUc properties thw . 
an improved tiimpeutic and safety profile such as low^ liver enzyme inhibiting 
properties. 

It is well known that severe problems such as toxicity may occur if plasma levels of one 
medication aie altered by the co-administration of another dmg. This phenomenon - which 
is named dmg-dmg interactions — could happen if there is a change in the metabolism of 
one drug caused by the co-administration of another substance possessing liver enzyme 



inhibitiiig properties^ CYP (cytochrome P450) 3 A4 is the most important enzyme in the 
human liver as a majority of oxidised drugs have been Wotransformed by this enzyme* 
Accordingly, it is undesirable to employ a medication having a significant degree of such 
liver enzyme inhibiting properties. It has now been found that many NK receptor 
antagonists known in the art mhibit the CYP3 A4 enzyme to a certain level and 
consequently there is a possible risk if high doses of those compounds are being used in 
therapy. Thus, there is a need for a novel dual NK1/NK2 receptor antagonist with inqiroved 
pharmacokinetic properties. The present invration provides compounds with CYP3A4 
enzyme inhibiting properties at a low level, as con^arativdy high ICso values are obtained 
in a CYP3 A4 inhibiting assay. Said method for det^mining CYP3A4 inhilntion is 
described in Bapiro et al; Drug Metab. Dispos. 29, 30-35 (2001). 

Prior Art 

EP 0625509, EP 0630887, WO 95/05377, WO 95/12577, WO 95/15961. WO 96/24582, 
WO 00/02859, WO 00/20003, WO 00/20389, WO 00/25766, WO 00/34243, WO 
02/51807 and WO 03/037889 disclose piperidinylbutylamide derivatives, which are 
tachykinin antagonists. 

''4-Ainino-2-<arylH>utylbenzamides and Their Conf ormationally Constrained Analogues. 
Potent Antagonists of the Human Neur6kinin-2 (NK2) Receptof % Roderick MacKenzie,A., 
et al, Bioorganic & Medidnal Chemistry Letters, In Pr^s, available online 15 May 2003, 
discloses the compound //-[2K3,4-dichlorophenyl)-4-(3-inorpholm 
yl)butyl]-Ar*meti)ylbenzamide which was found to possess functional NK2 receptor 
anta^mistic properties. 

WO 96/05193, WO 97/27185 and BP 0962457 disclose azetidinylalkyllactam derivatives 
with tachykinin antagonist activity. 

EP 0790248 discloses azetidinylalkylazapiperidones and azetidinylalkylox^peridones, 
which are stated to be tachykinin antagonists. 
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WO 99/01451 and WO 97/253^ ^sclose azetidSnylalkylpiperidine derivatives claimed to 
be tachyktnin antagonists. 

5 EP 0791592 discloses azetidinylalkylglutarimides with tachykinin antagonistic properties. 
IMsclosure of the Invention 

An object of the present invention is to provide tachykinin antagonists having blood brain 
barrier penetrating properties, improved pharmacokinetic and metabolic properties and/or 
ID improved selectivity for the NK1/NK2 receptors. 

Accordingly, the present invention provides a compound having the general fonnnla (I) 




R2 



R3 



IS 



CO 



wh^ein 



Het is a heterocydic ring containing cme or more nitrogen atoms 



Rl is hydrogen, hydroxy or lower alkyl 



20 



R2 and R3 are independently hydrogen, lower alkoxy, halo, CF3 or cyano, provided 
that both are not hydrogen 



R4 is lower alkyl 



At is an optionally substituted atomatic ring system selected from phenyl, pyridinyU X- 
naphthyl, 5,6,7,8-tetrahydro-l-naphthyl. quinolinyl, 2,3-dihydro-l,4-benzodioxinyl, 
1,3-benzodioxolyl, 5,6J,8-tetrahydroquinolinyl, 5.6J,8-tetrahydroisoquinolinyl, 
5,6J,8-tetrahydioquinazolin-4-yl, l-benzo[b]thiophen-7-yl» l-benzoIb]thiophen-4-yl, 
l-benzotb]thiophen-3-yl, isoquinolinyl, quinazolinyl and indan-4-yl, 

as a free base or any salt iheieof 

with the proviso that compounds erf formula (I) whacdn Ar is unsubsdtuted phenyl are 
excluded* 

Het is a heterocyclic ring containing one or more nitrogen atoms. Hie heterocy<dic ring is 
pieferably ccmnected to the rest of die molecule at one of die nitrogen atoms of die ring* 
Examples of such heterocyclic rings are optionally substituted piperiduio, optionally 
substituted azepano, optionally substituted pynolidino, optionally substituted mmpholino, 
optionally substituted oxazepano, optionally substituted thiomoipholino, optionally 
substituted thiazepano and optionally substituted pipeiazino; preferably piperidino 
optionally substituted at its four position with hydroxy, oxo, metiiyltfaio, metfaylsulfinyl, 
mediylsulfonyU cyano, 13-dipxolan-2-yl, lowcar alkoxy, amhio optionally mono or 
disubstituted witii lower alkyl, acylamtaio optionally N-substituted with lower alkyl, Oower 
all^lsulfonyl)amino optionally N-substituted with Iowct alkyl, or one or two flw»o atoms, 
pyrrolidtno optionally bdng substituted at its three position with fluoro, hydroxy or oxo, 
morpholino, tiuomorpholino optionally being substituted at its sulfur witii one or two 
oxygen or piperazino optionally being substituted at the 4-nitrogen atom with low^ alkyl, 
lowCT alkyl sulfonyl, lower acyl or lower alkyl togefli^ witti oxygen. 

Rl is hydrogen, hydroxy or Iowct alkyl. Preferably, Rl is hydrogen. 

R2 and R3 are independently hydrogen, lower alkoxy, halo, CF3 or cyano, provided that 
both are not hydio^n. Favourably, R2 and R3 are both chloro or one is fluoro and the 
other is hydrogen. In a preferred aspect R2 and R3 are both chloro and attached in the toee 
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and four position of the phenyl ring or R2 is fluoio attached in the four position and R3 is 
hydrogen. 

R4 is lower alkyl. Pteferably, R4 is methyl. 

5 

At is an aromatic ring system selected from substituted phenyl, pyridinyl, l-naphtfayl» 
5,6,7t8-tetrahydro-l-naphthyl, quinolinyl, 2,3-dihydro-l,4-benzodioxinyl, 1.3- 
benzodioxolyl, 5,6,7.8-tetrahydroquinolinyl, 5,6,7»8-tetrahydroisoquinoUnyU 5.6,7,8- 
tetrahydroquinazolin-4-yl, l-ben2o[blthiophen-7-yl, l-benzo[b]thiophen-4-yl, 1- 
10 benzo[b]thiophen-3-yl. isoquinolinyl, quinazolinyl and indan-4-yL Ar may optionally be 
substituted at one or more of its carbon atoms in its aromatic moiety with one or more 
groups independently selected from cyano, halo, lower alkyl, lower alkoxy, nitro, 
trifluoiomethoxy, difluoromethoxy, trifluoromethyl, lower alkylsulfinyl, lower 
alkylsulf onyl, lower alkylthio and trifluoiomethylsulfonyloxy. 

15 

One aspect of the invention relates to compounds of formula I, wherein 
Het is thiomorpholino, morpholino or oxidotidomorpholino, 
Rl isH, 

R2 and R3 are fluoro and hydrogen, respectively, fluoro being prefi^ably in paia position* 
20 At is 3-cyano-5,6,7.8-tetrahydro-l-naphthyL 

In a further aspect of the mvention Ae following compounds are provided: 

i\^[(2S)-2-(3.4-Dichlorophenyl)-4-(3-oxidotWom0iphoUn^^ 

* ' 25 metiiylO,5-bis(triflucttomettiyl)benzaniide acetate, 

* / • ■ 3K:yano-JV-{2-(4-fluorophenyl)-4-P<l-<widothiomoipholin-4-yl^ 

* *' methyl-lHMphtibainide acetate, 

3^yano-A^{2-(4-fluorophenylH-I3-<l-oxidotluomorpholin-4-yl)a2eti 

* ■ • 

* . 30 methyl-5,6,7,8-tetrahydronaphthalene-l-carboxamidB acetate. 
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3<yancHNM2K4-fluorophenyl)-4-[3<4-hydroxypiperid^^ 
methyl-S,6J«8-tetrahydronaphthalme-l-caxboxainide, 

3-cyano-A^-I2-(4-fluorophenyl)-4K3-mc>rpholm-^^ 
s tetrahydxonaphthalene-l-caiboxainide, 

3-cyano-Ar.{2-(4-fluoiophenyl)-443-(4-hydroxypiperi 
methyl-l-naphthamidet 

10 4-flucm>-W-[2-(4-fluorophenyl)-4<3-morphoKn-4-ylaz^ 
tet]»hydionaphlhalffle*l-carboxainide, 

3-Oyano-7/-[(2S)-2-(4-fluorophenyl)-4-(3-mo^^ 
5,6J,8-tetrahydionaphlhalene-l-caiboxamide, 

15 

//-{(2iO-2-(4-fluorophenylH43K4-hydiDxypiperidin-l^ 
3,S*bis(trifluorometfayl)b^izaimde, and 

3^-Dichloto.Ar-[(2S>2K4-flo<m>phenyl)-4-(3-ii^ 
20 methylbenzamide. 

Still another aspea of the invention is a compound having the general fonnula (I) 

Nets 



25 

wherein 




Het is a hetm>cyclic ring containing one or more nitrogen atoms 



Rl is hydrogen, hydroxy or lower alkyl 



R2 and R3 are independently hydrogen, lower alkoxy, halo, CP3 or cyano, provided 
that both are not hydrogen 

R4 is lower alkyl 

At is an optionally substituted aromatic ring system selected from substituted phenyl, 
pyridinyl, 1-naphthyl, 5,6,7,8-tetrahydro-l-naphthyl, quinolinyl, 2,3-dihydro-l,4- 
bcnzodioxinyl. 13-benzodioxolyl, 5.6,7,8-tetrahydroquinolinyl, 5,6,7,8- 
tetrahydroisoquinolinyl, 5,6,7.8-tetrahydroquinazoBn-4-yl, l-benzo[b]thiophen-7-yl, 
l-benzo[blthiophen-4-yl, l-benzotblthiophen-3-yl, isoquinolinyl, quinazoHnyl and 
indan-4-yl 

as a free base <»* any salt th^eof. 

The present invention relates to the use of compounds of formula I as hereinbefore defined 
as well as to the salts thereof. Salts for use in pharmaceutical compositions will be 
phannaceutically acceptable salts, but other salts may be useful in the production of the 
compounds of formula I. 

The compounds of the present invention are capable of forming salts witti various 
inorganic and organic acids and such salts are also within the scope of this invention. 
Examples of such acid addition salts include acetate, adipate, ascoibate, benzoate, 
benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate, citrate, cyclohexyl 
sulfamate, ethanesulfonate, fumarate, glutamate, glycolate, hemisulfate, 2- 
hydroxyeAylsulfonate, heptanoate, hexanoate, hydrochloride, hydrobromide, hydroiodide. 
hydroxymaleate, lactate, malate, maleate, methanesulfonate, 2-naphthalOTesulfonate, 
nitrate, oxalate, palmoate, persulfate, phenylacetate, phosphate, picrate, pivalate, 
propionate, quinate, salicylate, stearate, succinate, sulfamate, sulfanilate, sulfate, tartrate, 
tosylate (p-toluenesulfonate). and undecanoate. Non-toxic physiologically acceptable salts 
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are prefened. although other salts are also useful, such as in isolating or purifying the 
product. 

Pharmaceutically acceptable salts may be prepared ftom the corresponding acid in 
5 conventional manner. Non-pharmaceutically-acceptable salts may be useful as 
intermediates and as such are another aspect of die present invoition. 

Acid addition sadts may also be in the form of polymeric salts such as polym^c 
sulfonates. 

10 

The salts may be formed by conventional means, such as by reacting die free base form of 
the product with one or more equivalents of the appropriate acid in a solvent or medium in 
which the salt is insoluble, or in a solvent such as water, which is removed m vacuo or by 
fiteeze drying or by exchanging the anions of an existing salt for another anion on a suitable 
IS ion-exchange resin. 

The compounds of fomiula I have one or more chiial centres, and it is to be understood 
that die invration encompasses all optical isomers and diastereomers that possess dual 
NK]/NK2 antagonistic activity. 

20 

It is to be understood that the present invention also relates to any and all tautomeric forms 
of the compounds of formula L 

Some compounds can exist as a mixture of conformational isomers. The compounds of this 
25 invCTtion comprise both mixtures of, and individual, confontnational isomers. 

Listed below are definitions of various terms used in the specification and claims to 
describe the present invention. 
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For the avoidance of doubt it is to be understood that wheie in this spedfication a group is 
quaUfied by ♦hereinbefore defined' or ^defined hereinbefore' the said group encompasses 
the first occurring and broadest definition as well as each and all of the preferred 
definitions of that group* 

In this specification, unless stated otherwise, the term "lower alkyl" includes both straight 
and branched chain Ci^ alkyl groups. Lower alkyl may be methyl, ethyl, n-propyl. i- 
piqpyl, n-butyl, i-butyl, s-butyl or t-butyl. 

The term *lower alkoxy" as used herein, unless stated otherwise includes 'lower alkyro 
groups in which "lower alkyr is as hereinbefore defined. Lower alkoxy may be methoxy, 
ethoxy, n-propoxy, i-propoxy. n-butoxy, i-butoxy, s-butoxy or t-butoxy. 

The term "lower alkylthio** as used herein, unless stated otherwise includes "lower OkyrS 
groups in which "lower alkyr is as hereinbefore defined. Lower alkylthio may be 
methylthio, ethyltfaio, n-prc^ylfhio, i-propyldiio, n-butylthio, i-butylthio, s-butyltMo or t- 
butylthio. 

In ttiis spedficaiion. unless stated otherwise, the term lialo" includes chloro, bromo, 
fluoroandiodo. 

In this specification, unless stated otherwise, the term " lower alkyl sulfonyl " includes 
lower alkyl sulfonyl groups in which "lower alkyl" is as h^inbefore defined. Lower alkyl 
sulfonyl may be me&ylsulfonyl, , ethylsulfonyl, n-propylsulfonyl, i«propylsulfonyl, n- 
butylsulfonyl, i-butylsulf onyl, s-butylsulf onyl or t-butylsulfonyl. 

In this specification, unless stated otherwise, the term "lower alkylsulfinyl " includes lower 
allqrl sulfinyl groups in which "lower alkyl" is as hereinbefore defined. Lower alkyl 
sulfinyl may be methylsulfinyl, ethylsulfinyl, n-propylsulfinyl. i-propylsulfinyl, n- 
butylsulfinyl, i-^butylsulfinyl, s-butylsulfinyl or t-butylsulfinyl. 
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In this specification, unless stated otherwise^ the tenn "lower acyl" includes foimyU acetyl, 
piopionyl. butyiyl and isobutyryl. 

PhayfyiacmticgJ Formulaflons 

According to one aspect of the present uivention th«e is provided a phannaceutical 
fonnulation comprising a compound of formula I, as a single enantiom^. a raoemate or a 
mixture thereof as a bee baseor phaimaceutically acceptable salts diereof. for use in 
prevention and/cc treatment of resfdratory. cardiovascular, neyro. pain, oncology, 
imflammatory and/or gastrointestinal disordm. 

The pharmaceutical compositions of tins invention may be administered in standard 
manner for the disease condition that it is desired to treat, for exanq^le by oral, topical, 
parenteral, buccal, nasal, vagmal or rectal administrodon or by inhalation or insufflation. 
For these purposes fhe compounds of this invention may be framulated by means kno\m in 
tfie art into die form of. for example, tablets, pellets, capsules, aqueous or oily soluticms, 
. suspensions, emulsions, oeams, cmitmrats, gels, nasal sprays, suppositories, finely divided 
powders or aerosols or nebuKsers for inhalation^ and for parenteral use (including 
intravenom. intramuscular or infusion) stmle aqueous or oily solutions or suspmsions or 
sterile raoulsions. 

In addition to die compounds cS the present invention the phannaceutical composition of 
this invention may also ccmtain, or be co-admiiust^ed (simultaneously or sequentially) 
with, one or more phannacolo^cal agents of value in treating one or more disease 
conditions re£»red to herdn. 

The pharmaceutical compositions of this invention will normally be administered to 
humans so that, for ©wtample, a daily dose of 0.01 to 25 mg/kg body weight (and preferably 
of OA to 5 mg/kg body wei^t) is received. This daily dose may be given in (fivided doses 
as necessary, die precise amount of die c<»npound rec^ ved and the route of administration 
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depending on the weight, age and sex of the patient bring treated and on fte particular 
disease condition being treated according to principles known in the art 

TypicaUy unit dosage forms will contam about 1 mg to 500 mg of a compound of this 
invention. For example a tablet or capsule for oral administration may conveniently 
contain up to 250 mg (and tyi»cally 5 to 100 mg) of a compound of Ihe formula 0) or a 
phaimaceutically acceptable salt thereof. In another example, for administralion by 
inhalation, a compound of the formula (I) or a pharmaceutically acceptable salt thereof 
may be administered in a daily dosage range of S to 100 mg, in a angle dose or divided 
into two to four daily doses. In a furth» «iample, for administratioa by intravenous or 
intramuscular injection or infusion, a sterile scdution or suspension containing up to 10% 
w/w (and typically 5% w/w) of a compound of the formula (I) or a pharmaceuticaUy 
acceptable salt thereof may be used. 

I^edical and Pharmaceutical Use 

The present invention provides a method of treating or preventing a disease condition 
wherein antagonism of tachykinins acting at tiie NKi and NK^ receptt>rs is brau^cial 
which comittises administMing to a warin-blooded aniinal an effective ainount of a 
compound of tiie fonnula (I) or a pharmaceutically-acceptable salt tiioeof. The present 
invention also provides tiie use of a compound of the fonnula 0^) or a phannaceutically 
acceptable sah thereof in die preparation of a medicamrait for use hi a disease condition 
whesein antagonism of tachykuuns acting at tiie NKi and NKa receptors is benefidal. 

The compounds of formula a) or phannac«itically acceptable salts or solvates tiiereof may 
be used ui tiie manufacture of a medicament for use m die prevention or treatment of 
respirauny, cardiovascular, neuro. pahi, oncology and/or gastrointestinal disordos. 

Examples of such disorders are astiuna, allorgic rUnitis, puhnonary, cough, cold, 
inflammation, chronic obstructive pulmonary (fisease, airway reactivity, 
urticaria,hypattension. rheumatoid artiuitis, edema, ang^ogoiesis, pam, migraine, tension 
headadie, psychoses, depression, anxiety. Alzhdmer*s disease, schizophrenia. 
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HimtingKm's disease, bladder hypennotiUty. urinaiy incontinence, eating disorder, mani 
depression, substance dependence, movement disorder, cognitive disorder, obesity, strei 
disorders, micturition disorders, mania, hypomania and aggression, bipolar disorder.- 
cancer, carcinoma, fibromyalgia, non cardiac diest pain, gastrointestinal hypermotUity. 
gastric asthma. Crohn's disease, gastric onptying disorders, ulcerative coUtis, irritable 
bowel syndrome, inflammatory bowel disease, enters, gastric asdmta, gastric motility 
disorders or gastro-esc^hi^eal reflux disease (GERD). 



PHARMACOLOGY 

Transection and euOurmg of cells used in FUPR and Binding asst^ 
Chinese Hamster Ovary (CHO) Kl cells (obtained ftom ATCQ were stably tiansfected 
with the human NK2 receptor (hNKzR cDNA ta pRc/CMV, invitrogen) or the human NK3 
receptor (hNKaR in pcDNA 3.1/Hygro (+yiKES/CD8. Invitrogen vector modified at 
AstraZraieca EST-Bio UK, Alderley Park). The cells were transf ected with the cationic 
lijad reagent UPOFECTAMINE™ (Invitrogen) and selection was perftmned with 
Genetidn (0418, Invitrogm) at Img/ml for the hNKzR transfccted cells and with 
Hygromycin (Invitro^) at SOOftg/ml for the hNKaR transfected cells. Single cell clones 
were collected by aid of Fluorescence Activated Cell Sorter (FACS), tested for 
functionality in a FLIFR assay (see below), expanded in culture and cryopresarved fas 
Aitnre use. CHO cells stihbly transfected with human NKi receptors originates from 
AstraZeneca R&D, Wilmingttm USA. Human NKi recqitor cDNA (obtained ftom RNA- 
PCR ftom lung tissue) was subcloned into pRcCMV (bvitrogen). Transfection was 
pofnmed by Calciimi Phosphate and selection with ImgAnl G418. 

The CHO cells stably tiansfected wifli hNKiR, hNKzR and hNS^ were cultured in a 
humidified incubator trader 5% CO2, in Nut NBx F12 (HAM) with Olutamax 1, 10% Foetal 
Bovine Serum ^S), 1% Pemdllin/Stn^OTnycin OPEST) supplonented with aOOMS'ml 
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Geneticin far the hNKiR and hNKaR expressing cells and SOOMS'nil Hygromycin for the 
hNKsR expressing cells. The cells were grown in T175 flasks and routinely passaged when 
70-80% confluent for up to 20-25 passages. 

5 Assessing the Activity of Selected test Compound to Inhibit Human NK1/NK2/NK3 
Receptor Activa^n (PIIPR msay) 

The activiQr of a compound of die invention to inhibit NKi/NK^/NKs recqptor acd vation 
measured as NKi/NK2/NK3 recqptor mediated increase in intracellular Ca^ was assessed 
by the following procedure: 

10 CHO cells stably transfected with human NKu NK2 or NK3 receptors were plated in black 
walled/clear bottomed 96-well plates (Costar 3904) at 3.5x10"* cells per well and grown for 
approximately 24h in normal growth media in a 37**C COr-incubator. 
Before the FLIPR assay the cells of each 96-welI plate were loaded with the Ca^^ sensitive 
dye Fluo-3 (TEFLABS 01 16) at 4fcM in a loading media consisting of Nut Mix F12 

15 OIAM) with Glutamax 1. 22mM HEPES, 2.5mM Probenicid (Sigma P-8761) and 0.04% 
Pluronic F-127 (Sigma P'^2443) for 1 h kept dark in a 37*^0 COa-incubator. The cells were 
dien washed three times in assay buffer (Hanks balanced salt solution (HBSS) containing 
20mM HEPES, 2.SmM Frobenicdd and 0.1% BSA) using a multi-channel pipette leaving 
them in ISOfil at the end of die last wash. S«ial dilutions dS a test cofxxpomd in assay 

20 buffer (final DMSO concentration kept below 1%) were auUmiatically pipetted by FLIPR 
(Ruorometric Imaging Plate Reader) into each test weU and die fluorescence intensity was 
recorded (exdtatton 488 nm and emission 530 nm) by the FUPR CCD camera for a 2 min 
. . : ine-incubation period. iSOftl of the Substance P (NKi specific), NKA (NK2 specific), or 
Pro-7-NKB QfnSL^ specific) agonist soluticm (final concentration equivalent to an 

r 

: 25 approxiniateEC:60 concentration) was then added by FUPR into each wen al^^ 

: [ : : containing 200^^1 assay buffer (containing the test compound or vdiicle) and die 

fluorescence was continuously monitored for another 2 min. The response was measured 

1 . ^ as the peak relative fluorescence after agonist addition and IC50S wm calculated from ten- 
point concentration-response curves for each compound. The IC50S were tiien converted to 

\y 30 pKe values with the following formula: 
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Kb - ICso / 1 4- (ECfio cone, of agonist used in assay / ECso agonist) 
pKB^'IogKa 

Determining fhe Dissodatian Constant (Xi> of compounds for Human NKilNKzfNKs 
Receptors (Binding Assi^) 

MemhrmsB wexe piepaied from CHO cells stably txansfected with human NKi, NK2 or 
NK3 receptors accor^g to the following meAod. 

Cells weie detadied with Accutase® solution, harvested in PBS containing 5% FBS by 
centrifugation^ washed twice in PBS and resuspended to a concentration of IxlO" cells/ml 
in TOs-Ha 50 mM, KCl 300 niM, EDTA-N2 10 mM pH 7.4 (4°C). Cell suspensions were 
homogenized with an UltraTuixax 30 s 12.000 rpm. The homogenates were centrifuged at 
38.000 X g (4'*C) and fhe pellet resuspended in Tris-HCl 50 mM pH 7.4. The 
homogenization was repeated once and the homogenates were incubated on ice for 45 min. 
The homogenates were again cratiifuged as described above and resuspended in Tiis-HCl 
50mM pH 7.4. This centrifugation step was repeated 3 times in total. After the last 
centrifugation step the pellet was resuspended in Tiis-HCl SOmM and homogenized with 
Dual Pott^, 10 strokes to a homo^ous solution, an aliquot was removed for protein 
determmatimi. Menihranes were aliquoted and firozen at -80*^C until use. 
The ladioligand bincfing assay is performed at room tenqiecatuxe in 96-well microtiter 
plates (Nfo-Unding Surface Plates, Coming 3600) with a final assay volume of 200/d/well 
in incubation buff^ (50mM Tris buffer (pH 7.4 RT) containing 0.1 % BSA, 40 mg^ 
Bacitracin, conq»lete EDTA-firee protease inhibitor cocktaU tablets 20 pills^ O^oche) and 
3mM NfoCl^. Compedtion binding curves were done by addmg increasmg amounts of the 
test compound. Test compotmds were dissolved and serially diluted in DMSO, final 
DMSO concentration 1.S % in die assay. SO/il Non labelled ZD 6021 (a non selective NK- 
antagonist, 10/tM final cone) was added for measurement of non-specific binding. For total 
binding, SO/il of 1.5% DMSO (final cone) in hicubation buffer was used.[^-SarJMet(Q2)- 
Substance P] (4nM final cone) was used in binding experiments on hNK^r. [^-SR48968] 
(3nM final cone.) for hNK^r and [^H-SR142801] (3nM final cone) for Unding experiments 
on hNKsr. SOfil radioligand, 3|il test compound diluted in DMSO and 47fd incubation 
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haSe£ were mixed with S-lO/ig cell memtaranes in lOO/il incubation buffer and incubated 
foe 30 min at room tempeiatuie on a microplate shaker. 

The membranes were then collected by rapid filtration on Hltermat B(Wallac)» presoaked 
in 0.1% BSA and 0.3% Polyelhylradmine (Sigma P-3143), uang a Micro 96 Harvester 
(Skatron Mstruments* Norway), Filters were washed by tiie harvester with ice-cold wash 
buffer (SOmM Ttts-HQ, pH 7,4 at 4^, containing 3mM MhCla) and dried at 50"C for 30- 
60 min. Meltilex scintillator sheets were melted on to filters using a Microsealer (Wallac. 
Fmland) and flie filters were counted in a P-Liquid Scintillation Counter (1450 Mioobeta, 
Wallac, Hnland), 

The Ki value for the unlabeled ligand was calculated using the Cheng-Pmsoff equation 
(Biochem. Pharmacol. 22:3099-3108. 1973): where L is the concentration of the 
radioactive ligand used and Ka is the afBnity of the radioactive ligand for the receptor, 
determined by saturation binding. 

Data was fitted to a four-parameter equation using Excel Fit. 
Ki = IC5(/(l+(UKd)) 

Results 

In general, tiie compounds of die invention, which were tested, demonstrated statistically 
significant antagonistic activity at flie NKi receptor within the interval 7-9 for tiie pKs- 
Fbr the NK2 recqitor the int^al for the pKe was 7-9. In gianeral, die antegonistic activity 
at the NK3 receptor was less than 7.S for die pKb. 

In general, die compounds of the invention, which were tested, demonstrated statistically 
significant CYP3A4 uihibition at a low level. The IC50 values tested according to Bapiro 
et al; Drug Metab. Dispos. 29, 30-35 (2001) were genocally greater tfian 2 jiM. 

Thus, the tested compounds according to the invention have been shown to be selective 
and dual NKi/ NK2 receptor antagonists as well as showing low levels of C YP3 A4 
inhibition. 
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Methods of Preparation 

In another aspect the present invention provides a process for preparing a compound of the 
fonnula (I) or salts thereof which process comprises: 

a) reacting a compound of the fomiula (QI) with a compoimd of the formula (IV): 



Hel 





wherein R1-R4, Het, and Ar are as hminbefore defined; and the conditions are such that 
. xeducd ve alkyladon of the compounds of the formulae QB) forms an N-C bond between 
the nitrogen atom of the azetidine group of die compounds of formulae (HQ and the carbon 
atom of the aldehyde group of the conqK>unds of formulae (JV); or 
15 b) reacting a ccmipound of the fonnula (I^) with a coDopound of 
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wherein R1-R4, Het, and Ar are as hereinbefoie defined; and L is a group such that 
alkylation of the compounds of the fonnulae (HI) fonns an N-C bond between the nitrogen 
atom of the azetidine group of the compounds of fomiulae (JH) and the caibon atom of fte 
compounds of fomiulae (V) that is adjacent to the L group; or 
s c) reacting a compound of the formula (VI) with a compound of the formula (VII): 




10 

wherein R 1 -R4, Het and Ar are as hereinbefore defined; and L* is a leaving group; 
wherein any odier functional group is protected, if necessaiyt and: 

i) removing any protecting groups; 

ii) optionally oxidizing any oxidizeable atoms; 

IS iii) opdondly forromg a pharmaceutically acceptable salt 

Itotecting groups rnay in ^n^td be chosen fit>m any of the groups described in tfie 
literature or known to the skilled chemist as appropriate for the protection of the group in 
question, and may be introduced and xemoved by conventional methods; see for example 

-^'.^ 20 Ptotecting Groups in Organic C2hemistiy; Theodora W. Greene. Metfiods of removal are 

chosen so as to effect removal of the protecting group with minimum disturbance of groups 

\:. elsewhere in the molecule. 



25 



It will also be appreciated that certam of the various optional subsiituents in the 
compounds of the formula (I) may be introduced by standard aromatic substitution 
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reactions or generated by conventional functional group modifications either prior to or 
immediately following the processes described hereinabove. The reagents and reaction 
conditions for such procedures are well known in the chemical art 

s Hie compounds of the formulae (HI) and ^V) are reacted under conditions of leducdve 
alkylation. The reaction is tyjncally performed at a non-extreme temperature, for exanqile 
0-100 **C, in a substantially inert solvent for example dichloromethane. Typical reducing 
agents include borohydrides such as sodium cyanoborohydride. 

10 The compounds of the. formulae (m) and (V) are.reacted under conditions of all^lation. 
Typically in the compounds of the formula (V) L is a leaving group sudi as halo or 
alkylsulfonyloxy. The reaction is typically performed at an elevated teiiqpefatuce» for 
example 30 * 130 in a substantially inert solvent for example DMP. 

15 The compounds of the formula (HI) are known or may be prepared in conventional 
manner. The coxnpoimds of the fonnida (IV) may be prepared, for mam^e, by leac^ 
compound of tiie formula CVO^ with a compound of tiie formula (VmO: 




R2 R3 

. (vm) 



[ - . wherein R1-R4 axe as hereinbefore defined under conventional acylation conditions. 

. : . The compounds of the formula (V) may be prepared, for example, by reacting a compound 
25 of the formula (VH) with a compound of the formula CDQ: 




(K) 



wherein R1-R4 and L axe as hereinbefore defined under ccmventional acylation conditions. 

5 The compounds of the foimulae (VI) and (VII) may be reacted under conventional 
acylation conditions wherdn 



10 is an acid or an activated acid dedvadve. Such activated acid derivatives are well known 
in tiie literature. They may be formed in situ fitom the add or ttiey may be prepared, 
isolated and subsequently reacted. Typically L' is chloro thereby forming the acid chloride. 
Typically the acylation reaction is performed in the presence of a ncm-micleophilic base, 
for example N J7-diisopropyletfiylamine, in a substantially inert solvent such as 

15 dichloromethane at a non-^treme temperature. 

ITie compounds of ttie formula (Vm) and (IX) are known ormay be prepared in 
conventional mannor. 

{ 20 Certain compounds of flie foimulae (III). (IV), (V). (VD. (VII). (VIII) and (K) are novel 




and form part of the present inventi<m. 



25 



Thus, another aspect of the invention is the intermediates 
ten-hvxyl [(2S)-2K3,4-dicMorophenyl)-4-(3-thiomoxpholin-4-yla2fitidi^^ 
yl)butyl]methylcarbamate, 



20 

[(2S)-2-(3,4-dicWorophenyl)-4.(3-ttuomoiphoUn-4.yl^^ 

[(2S)-2-(3,4-dicWoicphenyl)-4-[3-(l-oxidothiomoiph^ 
yl]butyl]methyla]iiine» 

5 

l-[l-(diphenytoethyl)a2etidm-3-yl]pyin}U<Kn-3-ol, 

8-Il-(ciiphraylmethyl)azctidm-3-yll-l,4-<Koxa-8-azaspiro[4.^^ 

10 8-azetidin-3-yl-l,4-.dioxa-8-azpspixo[4.S]d6Cane, 

3K;yano-7V-[(25)-2-{3,4Kficmoiophenyl)-4<3-hydroxyazeti^ 
naphthaimde, 

15 3K:yano-Ar.I(2S)-2-(3.4-dicWorophenyl)-4-(3-hyd^ 
naphfh&toidCy 

terf-butyl [2-(4-fluoiophenyl)-4-(3-thioxncMphoto 
yl)butyl]niethylcai)>amate, 

20 

[2K4-flucirophenyl)-4<3-4hi0iiu«phoHii-^ 
ethyl S-cyaiio-l-beiizofhi<^ene-7-caiboxylate, 
25 S-cyano-l-benzofliiophene-7-caib(»cy]ic acid» 
3-cjrao-W-[2^4-fluoiophenyl)pent4-en-l-yl]-A^^ 
3-<:yano-//-[2-(4-fluoKiphrayl)-4-<>xobutyll-JV- 

30 

{2-(4-biomophCTyl)-4-[(triisopropylsayl)oxy]butyl}^ 
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tert-butyl {2.(4.bromophenyl>4-[(triisopiopylsayl)0xy]bu^^ 
tert-buty] {2-(4^yanpphenyl)-4-[(liiisopropylsayl)oxy]butyl}m 
5 4-{3-hydix)xy-l-[(methylaimtto)melhyl]p3K3pyl}ben2^ 
3-cyano.iV-[2-(4-cyanophfinyl)-4-hydroxybutyl]-^^^ 
3-^ymo^-[2-(4-cyanophenyl)-4-oxobutyl]-A^^^ 

.10 

terPhatyl [2<4»fIu(m>phmyl)pent4-»-l-yl]nietfaylc8xbaxnat^ 
l-[(feft-butoxycaiixmyl)(iiiethyl)aiiimo]-l,W^ 
IS iertAyvXyl [2-(4-fluc»x3phenyl}-4-oxobutyl]inetfaylc^ and 
7<ddcnD*23-dihydED-l,4-^beiizodioxine-S-c^ 
as a free base or any salt thereof . 

20 

Working Examples 

It should be emphasised that the compounds of the present invention most often show 
-...r highly con^^lex NMR spectra due to the existence of confonnational isomers. This is 

: 25 believed to be a result from slow rotation about tiie amide and/or aryl bond. The following 
r-': abbievialionsaieusedinthepresentationof the NMR data of the compounds: s-singlet; d- 
:[Vz doublet; t-triplet; qt-quartet; qn-quintet; m-multiplet; b-broad; cm-complex multiplet, 
«.ir which may include broad peaks. 

* a » 

- . - 30 The following examples will descnbe, but not limits the invention. SM in the tables is 
Starting Mat^al« 
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The following abbreviations are used in tiie experimental: DIPEA (N J^- 
diisopropylethylamine), DMF (N,N-dimethylfonnamide), TBTU (N,N JS^-tetramefliyl- 
0-(benzotriazol-l-yl)uionium tetrafluoroborate, THF (tetrahydxofiuan) and RT (lOom 
5 temperature). 



Example 1 

3,5-DicWoio>N-rf2S^-2-f3,4-dicMoTOPhenvlV4-(3-thiomoro^^ 
la JV-metfavlbenzamide acetate 

[(2S)-2K3»4-Dichlorophenyl>4K3-thiomori*olin-4^^ 

hydxDcblQcide (Method 40; 89 mg, 0*21 mmol) was dissolved in DMF (2 mL) and to the 
resultant solution weie added 3,S-dichlorobenzoic acid (44 mg, 0.23 mmol), TBTU (80 
mg» 0.25 mmol) and DIPEA (108 m& 0.84 mmol) in the giv» prder. The solution was 

IS sdrxed at RT for 1.5 h, diluted with water and then neutralized by the addition of NaHCOs. 
The mixture was extracted twice wiA ethyl acetate and tfie combined organic solutions 
were dried over MgS04. The solvent was removed by evaporation to yield 79 mg of <»nide 
product The inoduct was purified by reversed phase chromatography using a mixture of 
acetonitrile and 0.1 M ammonium acetate aq. Iliere was obtained 43 mg (37%) of the title 

20 compound as a vrihite solid. NMR (500 MHe, CP3CN): 1.3-1.8 (cm, 3H), 2.0-4.6 (cm, 
24H), 6.8-8.0 (cm, 6H); MS: m/z 562 (M^. 



Hie following compounds were syntfaesised in an analogous method to Example L 



Ex 


Conqpoundi 


'HNMR 


m/z 


Yidd 


SM 


2 


iV-{(2S)-2-(3,4- 
DichloiophenylM-P-a- 
oxidolliiom(»pholin-4- 
yI)azetidin-l-yl]bu^}-2- 




589 


5% 


Mfith 
41 

(andJ 

Med 

Chem; 




meihoxy*i\^mBtfaylqiimoliiie-4- 








1992: 
4893) 




caiboxamide 
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3 


iV^[(2S>2-(3,4- 
Dichloiophenyl)-4-(3- 
thiomoipholin-4-ylazetidin-l- 
yl)butyl]-3,5-difluoio-iV- 
metfaylbenzamide acetate 


(300MEIz.CD3.OD): 
1.6-2.0 (cm, 3H), 2.0 (b. 
3H). 2.4^.0 (cm, 20H), 
6.4-7.6 (cm, 6H) 


528 


75% 


Meth 
40 


4 


iV-[(25)-2-(3,4- 

DichlorophenyI)-4-(3- 

thiomc»phoIin-4-ylazetidin-l- 

yl)but>4]-Ar-meftyl-3^- 

bis(trifluoioinetfayl)benzainide 

acetate 


(300MHz,CD3OD): 
1.5-2.4 (cm, 3H), 2.0 (s, 
3H), 2.4-4.0 (cm, 20H), 
6.9-7.7 (cm, 5H), 8.0 (s, 
IH) 


628 


52% 


Meth 
40 


5 


5-Cyano-iV-[(25)-2-(3,4- 

dichlorophen^>4-(3- 

thiomorpholln-4-ylazetidin-i- 

yl)butyl]-iV-methyM- 

benzothiophene-7-caiboxamide 

acetate 


(300MHz,a)3OD): 
1.4-2.2 (cm, 3H). 2.0(8, 
3H),2A4.0(cm,20H), 
6.7-7.8 (cm, 4H). 7.5 (d, 
IH), 7.8 (d,lH), 8.3(8, 
IH) 


573 


56% 


Meth 

40 

42 


6 


3-Cyano-iV-[(2S)-2-(3,4- 

dichlQroph«iyl)-4>(3- 

thioinatphoKn-4-ylazetidin-l- 

yl)batyl]-iV^ineUiylbaizamide 

acetate 


(300MHz,CD3OD): 
14-2.4 (cm. 3H), 2.0(8. 
3H). 2.4-3.8 (cm. 20H). 
6.9-7.6 (cm, 61]). 7.8 (d. 
IH) 


517 


79% 


Meth 
40 


7 


3-Cyano-Ar-[(2S)-2-(3,4- 

diGliloiophenyl}-4-(3- 

tiu(»iKnidioliii-4-ylazetidui-l- 

yl)butyl]-iV-mefliyl-5»6,7,8- 

tetiahydronaphtiialene-l- 

carboxamide acetate 


(400MHz.CDa3): 1.4- 
4.4 (cm, 35H), 6.7-7.4 
(cm.4H).7.4(d.lH) 


571 


36% 


Meth 
40 

(and wo 
0af34243) 


8 


2-Cyano-7V-[(2S)-2-^v4- 

dichlorophenyl)-4-(3- 

tiii<MS)oipholin-4-ylazetidiii-l- 


(400MHz.CDa3):1.4- 
2.0 (cm, 3H). 2.0 (8, 
3H). 2.2-4.4 (cm, 20H), 


568 


30% 


Meth 
40 

(and J 
Prakt 
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yl)butyl]-JV-methylquuiolme-4- 
caiboxamide acetate 


6.4-7.9 (cm, 8H). 8.2 (d, 
IH) 






Chem; 
1902: 
264) 


9 


3-Cyano-N-[2-<4- 

fluorophenyl)-4-(3- 

thioinorpholin-4-ylazetidin-l- 

yl)butyll-Ar-methyl-5,6.7,8. 

tebahydnmaphthalene^l- 

caiboxamide diacetate 


(400 MHz. CDdi): 1.4- 
2.0 (cm. 6H). 2.0 (s, 
6H). 2.2-4.0 (cm, I9H), 
6.74-7.4 (cm, 6H) 


521 


19% 


Meth 
50 

(taut wo 
0004243) 


10 


N-[2-(4>Fluoiophenyl>4-(3- 

tfu(niioiphcdin-4-ylazeddiii-l- 

yl)biiiyl]-JV-iDetfayl-3^ 

bi8(tiifiuoraniethyl)beiizamide 

diacetate 


(400MH2,CDCl3): 1.4- 
2.0 (cm, 2H), 2.0 (s, 
6H). 2.2-3.8 (cm. 21H), 
6.8-7.6 (cm. 61Q, 7.8 (s» 
IH) 


578 


17% 


Nfeth 
50 


11 


7-Chlon»-JV-[(25)-2-(3/»- 
dichlofiophenyl)-4-(3- 
thiomocpholin-4-ylazetidiii-l- 
yl)butyl]-iV-inethyl-2,3- 
dihydio-1 ,4-benzodioxiiie-S- 
caiboxamide acetate 


(4OOMHZ.CD3OD): 
1.4-2.0 (cm. 2H). 2.0 (s, 
3H), 2.4-4.4 (cm. 251©. 
6>4-7.6(cm.5H) 


584 


11% 


Meth 

40 

52 



TCtoiinplft 12 

3-Cvmo>JS^I(2SV2>f3.4-dicWorophe^^ 
vnbiitvn>jy-methvl-l-tiaphthainide acetate 
5 3<:yaiio-iV^[(2S)-2K3,4-dichlorophOTjlH-oxc*uty^^ (WO 
: 0m2859i 38 mg, 0.089 mmol) was dissolved in CHaCla (3 inL) and to fhe lesultant 

- ' ; solution was added l-azetidto-3-ylpynoIidin>3H>l dihydrochloride ^4ethod 43; 20 mg, 

0.093 mmol) dissolved in a few drops of m^anol. Sodium tiiacetoxyboxohydride (25 mg, 
.!r 0.118 mmol) was added and tfie solution was stined at room tempecatuie overnight. The 

\^ 10 mixture was diluted with CH2Cl2« washed witti brine and tten dried over ^^Oa. The 
... * solvent was lemoved by evaporation and the lesidue chromatogrsphed on a reversed phase 

'.^ column using a mixture of acetonitrile and O.I M ammonium acetate aq. Hiere was 



25 



obtained 19 mg (35%) of Ae title compound as a wWte solid. 'H NMR (400 MHz, 
CD3OD): 0.8-4.9 (cm, 25H), 6.4-7.9 (cm, 7H), 7.9-8.1 (m. IH), 8.4 (s, IH); MS: m/z 551 



F.yamplgs 13.19 

The following compounds were synthesised in an analogous metfiod to Example 11. 



Ex 


Compound 


^HNMR 


m/z 


Yield 


SM 


13 


3-Cyaiio-iV-K25)-2-(3^ 
diGiiIorophaiyl)-4.(3- 
moiplu>lin-4-ylazBtidin-l- 
yl)l>ut^]-JV-methyi-l- . 
nQ)hthamide acetate 


(500MHz.CDa3): 1.2- 
2.2 (cm, 3H), 2.0 (s. 
3H>, 2.2-5.0 (cm, 21H), 
6.5-7.0 (cm, IH), 7.2-8.0 
(cm,7H), 8.2(d,lH) 


551 


35% 


oaas59 

and wo 

oomiea) 


14 


3-Cyano-N-t(25)-2-(3,4- 
dichl<srophenyl)-4-(3- 
thiomMpholin-4-ylazetidiii-l- 
yl)butyl]-JV-mefliyl-l- 
napfathamide acetate 


(400MHz,DMSO-d6): 
1.2-2.2 (cm, 3H), 1.90 
(8,3H),2.3-+.5(cm, 
21H), 6.4-7.3 (cm, 2H), 
7.4 (dd,lH). 7.5-7.8 
(cm, 4H), 8.0-8.2 (m, 
lH),8.6(d.lI^ 


567 


51% 


Meth 
40 

(and wo 
(m02aS9) 


15 


3-Cyano-;V-{(2S)-2-(3,4- . 

dichlQcophenyl>4-[3-(l,4- 

diQxa-8-azaspiio[4.5]dec-8- 

^)azeddin-l-yl]batylHV- 

mediyl-l-naphthamide 

diacetate 


(400MHz,CI>3OD): 
1.4-2.0 (cm. 3H), 1.6-1.8 
(m.4H), 1.9(s.6H),2.3- 
4.0(cm,20H),6.4-7.2 
(m, 2H), 7.4-7. S (m, 
5H). 8.0-8.1 (m, IH), 8.4 
(d, IH) 


607 


78% 


Medi 
44 

(and wo 
00/02859) 


16 


3.Cyano-JV-{(2S)-2-^,4- 
dichlorophen3d)-4-[3-(4- 
hydioxypipeddin-l-]^)azetidin- 
l-yl]butyl}-iV-niethyl-l- 
naphthamide diacetate 


(400MHz,CD3OD): 
1.4-2.4 (cm, 16H), 2.5- 
2.9 (cm, 5H), 3.0-4.1 
(cm, 9H), 6.5-7.8 (cm, 
7H), 8.0-8.1 (m, 11©, 8.4 


565 


14% 


Meth 
49 

(and wo 
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(d,lH) 








17 


3-Cyano-JV-[2-(4- 

fluorophenyl)-4-(3- 

ifaiomorptiolin-4-ylazetidiii-l- 

naidifliaiDide 


(400MHz.CDCl3):1.4- 
3.5 (cm, 22H). 3.8-4.4 
(cm, IH), 6.4-8.0 (an, 
8H). 8.2 (8, IH) 


517 


94% 


Meth 

40 

46 


18 


3-Cyano-//-[2-(4- 
cyanophenyl)-4-(3- 
Moinoipliolm-4-yIazetidin-lr 
yl)butyl]-W-mettiyH- 
naphthamide acetate 


(400MHz,CDCl3): 1.2- 
2.2(cm,3H), 2.1 (s, 
3H), 2.4-4.4 (cm, 20H), 
6.6-7.8 (cm. 7H), 7.9 (d, 
IH). 8.2 (s. IH) 


524 


52% 


Meth 

40 

47 


19 


3-Cyano-JV-{(2S)-2-(3.4- 
dichlorophenyi)-4-[3-(l,l- 
dioxidothiomoipholin-4- 
yl)azetidin-l-yl]butyl)-Ar- 
methyl-l-naphtfaaimde acetate 


(400MHz,DMSO-d^: 
1.2-1.9 (cm. SB), 1.9 (8, 
3H). 2.0-4.8 (cm. 20H). 
6.4-7.8 (cm. 7H). 8.04.2 
(m.lH),8.6(d.lH) 


599 


39% 


Meth 
48 

(and wo 



3-Cvaiio-A^-fr2S)-2-f3.4-dichloroDhen viV4-r3.fl-oridolhiomomholin-^^ 
vnbutvn-N-^methy i-i -nap^thi^i[»i;Ha iv^s^ft^. 

5 3-CyancHA^-[(2S)-2-(3,4-dichlM<^henyl)-4-C3-thicmior|^Hn-4-yla2etid^^ 

mediyl-l-niq[^amidB acetate (Bmunple 14; 127 mg, 0.20 mmol) was dissolved in acetic 
add (10 mL) and to the resultant solution was added hydrogen pooxide (0.04 mL of 30% 
aqueous sohition, 0.35 mmol). The mixture was stined at room temperature for 3 days fbaa 
diluted with watK. Hie solvoit was removed by lyophilising Hor mixture to ^ve a residue, 

10 v^di was purified by reversed phase chromatognqpihy using a mixture of acetonitrile and 
0.1 M ammonium acetate aq. Thoe was obtained 52 mg 05%) vi the tide compound as a 
white solid. *H NMR (400 MHz. DM50-d^: 1.2-2.2 (m, 3H), 1.9 (s, 3H). 2.3-3.6 (^i. 
20H). 4.4 (c m. IH), 6.4-7.6 (mi, 2H), 7.4 (dd, IH), 7.6-8.2 (5H), 8.6 (d, IH); MS: m/z 583 
CM*). 
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3>Cvano-jV^<2>(4^vanophenvn-4-r3-fl-oxidothio morpholin^^ 
methvl-l-naphtfaamide acetate 

3<:yano-Ar-[2<4K:yanophenyl)-4-(3-thiomorpholin-4-yl^ 

s naphthanude acetate Sample 18; 60 mg, 0.10 mxnol) was dissolved in a mixtme of 
acetomtxile (3 nL) and CH^Cb (1 mL) and to the resultant solution was added a catalytic 
amount of FbC!l3 with cooling. The mixtuie was stiiied for 5 min and ttien periodic add (26 
mg, 0.1 1 mmol) was added whoeupon stirring was continued ovemiglit at 0^ Anotfi^ 
catalytic amount of FeCla as well as an additional portion of pmodic add (26 mg, 0.1 1 

to mmol) was added The reaction mixture was stined at (fC f or 2 h and then quenched by 
addition of Na2S2D3. The mixture was extracted trice widi CHaCl^and the organics 
washed twice with water and thra dried over Na2S04. The solvent was removed by 
evaporation and the product was purified by reversed phase chromatognqphy using a 
mixture of acetonitrile and 0.1 M ammonium acetate aq. There was obtained 25 mg (41%) 

IS of the title conqiound as a pale yellow solid ^HNMR: (400 MIb,(3)a3): 1.4-2.0 (cm, 
3H), 2.0 (s, 3H), 2.1-43 (cm. 20H), 6.4-8.0 (cm, 9H). 8.2 (s. IH); MS: m/z 540 (M*)- 

Examples 22-27 



The following ccmipounds wm synthesised in an analogous mediod to Example 21. 



Ex 


Conq^und 


*HNMR 


m/z 


Yield 


SM 


22 


3^-DicWoro-Ar-{(25)-2-(3,4- 
dichIorophenyl)-4-[3-(l- 
oxidothiomoiphoUn-4- 
yl)azetidin-l-yl]butyl)'iV- 
methylbenzamide acetate 


(300MHz»CD3OD):L6 
(b.lI]),1.8(b.lH).2.0 
(s, 3H), 2^3.8 (cm, 
21H), 6.8-7.6 (cm. 6H) 


576 


1% 


Exl 


23 


N-[(2S)-2-(3,4- 

]>ichloroidi«iyQ-4-C3- 

oxidoifaioinoipholiii-4- 

ylazetidiii-l-yl)butyl]-iV- 

mediyl-33- 

InsCtfifluwom^yDbenzainide 


CSOOMHz^CDsOD): 
1.5-2.0 (cm, 2H). 2.0 (s. 
3H), 2.2-4.0 (cm, 18H), 
6.8-7.8 (cm, 5H), 8.1 (s, 
IH) 


644 


9% 


Bx4 



28 





acetate 










24 


3-Cyano.Ar-{(2S)-2-(3.4- 

(fichlQrophenyl)-4-[3-(l*- 

oxidothioinQcpholin«4« 

yl)azetidm-l-yl]butyl}-JV- 

meAyl-5,6,7,8- 

tetrahydioiuq[)hthalene-l- 

cafboxamide acetate 


(400MH2,a5Cl3): 1.4- 
4.4 (cm, 351?), 6.7-7.2 
(cm,2H), 73 (s, IH), 
7.4(8.1H),7.5(d,lH) 


587 


37% 


Ex7 


25 


3-Cyano-N-{2-(4- 
fluoiophenyl>4-[3-(l- 
oxidothiomofpholin-4* 
yl)azetidin-l-yl]butyl 
methyl-l-naphthamide acetate 


(400MHz,CDa3):1.4- 
2.0 (cm, 3^, 2.0(8, . 
3H), 2.1-4.3 (cm, 20H). 
6.4-8.0 (cm, 9H). 8.2 (s. 


533 


42% 


Ex 17 


26 


3-cyano-JV-{2-(4- 

fluorophenyl)-4-[3-(l-' 

oxidothiomoipholin-4- 

yl)azetidin-l-yl]butyl}-JV- 

methyl-5,6,7,8- 

tetrahydronaphthalene-l- 

carboxamide acetate 


(400MEIz.CDCl3):1.4- 
2.0 (cm. 6H), 2.0(8, 
310. 2.1-4.0 (cm. 2SH). 
6.9-7.4 (an. 6H) 


537 


38% 


EJt9 


27 


iV-{2^4-FluomphenyI>4-[3«(l- 
oxidotiiiomoipholm-4- 
yl)azetidm-l-yl]bi3tyl}-Ar- 
inethyl-3,S- 

bis(trifluoxoiiietfayl)be]izainide 
acetate 


(400 MHz, CDCI3): 1.4- 
2.0 (an, 3fiD, 2.0 (s, 
3H), 2.1-4.4 (ana, 21H), 
6.7-7.4 (cm, 5H). 7.5(8, 
1H),8.2(8,1H) 


594 


477B 


JoX lU 



ie«imnte2« 

3-Cvimo-N-<f2SV2.r3.4-ificM ftitiHhmvlV4-r3^4-o»ODii^ 
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3-cyano-//-{(2S>2-(3,4-dichlorophBnyl>4-[3-(l,4^iioxa-8-azasiriK)(4.5Jd^ 
l-yl]butyl)-A^-meihyl-l<naphlliami<te diacetate (Bxanq>Ie 15; 35 mg, 0.058 mmol) was 
dissolved in a few drops of acetone-water (1:1) and to the lesidtant solution was added 
pyiidinium p-toluenesulfonale (43 mg, 0.17 mmoO. The mixture was sulgected to 

s microwave single node heating for 10 mm and fl»en this solvit was removed by 
evaporation. Hie residue was dissolved in CHaClz and tiie sohiticm was washed with 
NaHCOs aq. then dried over MgS04. Removal of solvent by evaporation yielded an oil, 
which was purified by reversed phase duomatography using a mixnue of acetonitrile and 
0.1 M aminonium «:etate aq. There was obtained 35 mg (89%) of the title compound as a 

10 white soUd. *H NMR (400 MHz, CD3OD): 1.4-2.i2 (cm. 3H). 1.9 (s, 6H). 2.3-4.0 (cm. 
20H). 6.4-7.8 (cm. 7H), 8.0-8.2 (cm, IH), 8.6 (d. IH); MS: mfe 563 



IS Example 29 

3-Cvano-N-ff2SV2-f3.4-didJor n|rfienvlV4-t3.f4-fluc«»MHPeridin-l-vl^^ 
vllbutyn-N-me thvl-l-naDhtfiamide 

IMeth^amim^ulfur trifuodde (7 mg, 0.044 imnol) was dissolved hi dry CH^^a and cooled 
witiistUDdng under argon to -6S°C. 3-Cyano-N-{^)-2-(3,4-dichlorophenyl)-4-P-(4- 
20 oxopipaidin-l>yl)azetidhi-l-yl]butyl)-N-nediyl-l-nqphfliamide C&uonple 16; 40 mg. 
0.071 mmol), whldi was dissolved hi dry CB^Oz (0.5 mL). was dien added. The external 
co<diiitg was removed and the solution was stfaied for 1 h. The reaction mixtnre was 
quenched by droppmg it to a saturated solution of NaliCOa aq. (6 mL). The oiganic 
solution was washed with water and then dried owx ^^04. The solvent was removed by 

'•"^ 2$ evaporation and tfiexe was obtained 5 mg (12%) of the tide compound as an oil. *H NMR 
: (500 MHz, CD3QD): 1.8-2.6 (cm. 7H). 2.6-3.3 (cm, 7H), 3>M.4 (cm, 9H), 5.0-53 (cm, 

i IH), 7.0-8.4 (cm. 7H), 8.4-8.6 (m, IH), 8.9-9.0 (d, IH); MS: mfz 567 (M*). 

::*!* lg«»mnli>ail 

: '•' 30 3-Cvano-N-rf2SV2-^3.4-cK<d>loroohroidV4-(3-pioeridiTWl-via2etid in-l-vnbntvl1.N-mett>vl- 
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l-[(3S)-4-[(3<:yano-l-iiaphthoyl)(methyl)ainto 
. yi xnethanesulfoiiate (Mettiod 45; 87 mg, 0.16 mmol) and l-methylpipenadne (1 mL, 9.0 
mmol) were dissolved in CE^la (1.5 mL) and the resultant noixtuie vvas subjected to 
microwave single node heating fm 5 minutes. The solvent was removed by evapcmtion 
5 and the product was purified by reversed phase chromatography using a mixture of 
acet<mitrile and 0.1 M ammonium acetate aq. Th^e was obtained 5 mg (5%) of tiie title 
compound as a white soUd NMR: (500 MHz, CD3OD): 1.2-4.0 (cm, 29H), 6.5-8.0 
(cm. 8H), 8.4 (d, IH); MS: m/z 564 (M^. 

10 Examples 31-32 



The following compounds were synAesised in an analogous method to Example 30. 



Ex 


ONnpound 


*HNMR 


on/z 


Yield 


SM 


31 


iV-K25)-4-[3-(4- 

Ac^lpiperazin-l-yl)azetidin- 

l-yl].2K3,4- 

£diIaD{dieii^)butyI]-3-cyaiio- 

^-methyl-l-nqphithamide 

acetate 


(SOOMHZ.CD3OD): 
1.2-3.8 (cm, 2910, 6.4- 
7.8 (cm, 7H), 7.9-8.0 (m, 
IH), 8.3-8.4 (d,lH) 


592 


3% 


Meth 
45 


32 


3-Cyano^-[(2S)-4-(3-(4- 

cyaiu^peridin<-l-yl)az6tidin-l- 

yI]-2-(3,4. 

dichlon)idieii]d)lnityl]-N- 
metfiyl-l-naohduunide acetate 




3% 


574 


Meth 
45 



: Bhtanif»]le33 
:'V: IS S.6.7.8-tBttahv dmTMmhthaleTf-Kf^''^'^^ 



3-Cyano-JV-[(2S>2-(4-fluotophenyl)-4-oxobutyl]-J\r-methyI-5,6,7,8-tetrahydnma^ti^^ 
1-caiboxamide (Nfettiod 53; 2.38 g, 6.3 mmol) and 4-azetidin-3-ylmQrpholine 
dihydiDcbloride {WO 00/63168: 1.49 g, 6.9 mmol) were mixed toge^r widi CEbCh (120 



31 

mL) and DIPEA {1.63 g, 12.6 mmol). The mixtme was stined until all the chemicals were 
dissolved. Sodium triacetoxyborohydride (1,87 g, 8.8 mmol) was added and the solution 
was stined at RT overnight. The solvent was removed and the residue was partitioned 
between ethyl acetate and saturated NaHCOa (aq). The phases were separated and the 
aqueous solution was extracted with ethyl acetate. The combined organic solodons wm 
dried over MgS04 and the solvent was removed by evaporation. The residue was dilu^ 
with a small amount of acetonitrile and the solution was kept in a freezer ovmight The 
crystals were collected by filtralion and more material was ttien obtained &om the moth^ 
liquor by an additional crystallisation from ac^onitrile. Thm was obtained 1.43 g (45 %) 
in total of the tifle compound as an off-white sotid. NMR (SOO MHz, Ca:>30D): 1*4-4.2 
(cm, 31H), 7.0-7.6 (cm. 6H); MS: mfz 505 (WT). 

The ma^sd was shown to be 99.6 % optically pure (enantiom^c excess) by analydcal 
chiial HFLC (Chiralpak AD» 250 x 4.6 nam) using a ttuxture of heptane, isopropyl alcohol, 
triethylamine and formic add (7Q/30A).1A).05) as nrabile phase. 

JSy>lf2S)-2^(4>fluorophenvn^r3>f4-hvdroxvpiperidin >l>vna2etia^^ 
3.5-»bisftrifluorometh Yl>hen7:aiif^ide 

N-[(2S)-2-(4-Huoiophenyl)-4K>x<*u^]-Ar-mefliyl-3,5-bis(ti^ 
Q^etfaod 54; 0.40 g, 0.91 namol) was dissolved in CR^2 (10 mL) and to ttie resultant 
solution were added l-.azetidin-3-ylpiperidm-4-ol diacetate ^letfaod 49 with the exception 
that acetic acid was used rath^ tiian hydrochloric acid and thus the diacetate of 1-azetidin- 
3-ylpiperidin-4-ol was obtafaied rather than conesponding dihydrodilorid; 0.28 g, 1.0 
mmol) and DIFBA (0.76 g, 5.8 mmol). Hie mixture was stirred for a few minutes at RT 
and ttien sodium triacetoxyborohydride (0.43 g, 2.0 nmxol) was added. The solution was 
stirred at RT ovmught and tiien the solvent was removed by evaporation. The residue was 
partitioned between etiijd acetate and saturated NnHCCh (aq). The phases were separated 
and the aqueous solution was extracted twice with ethyl acetate. The combined organic 
solutions were washed wifli water, dried over Na2S04 and then the solvent was removed by 
evaporatioii. The residue was purified by flash chromatography using a mixture of 
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mettanol and CH2CI2 as eluent The product was dissolved in a mixtuxe of water and 
acetomtrile and the solution was then freeze-diied. There was obtained 0.32 g (60 %) of 
the tide compound as a white solid NMR (400 ISHz, CDCh): 1.4-3.8 (cm, 24£0, 6.8* 
7.5 (cm, 6H), 7.9 (s, IH); MS: tn/z 576 (M*). 

5 

Example 35 

3^-DicMoro-N-R2^-2--f4-fluorot)henvn>4-f3-morpholi n>4>vlazeti^^ 
methvlbenzamide 

10 3,S-Dichloio-JV-[(2S)-2K4-fluoiophenyl)-4-oxobutyI]-/^^ 

146 mg, 0.40 mmol) was dissolved in CH2CI2 (8 mL) and to tiie resultant soludbn wm 
added 4-azetidin-3*ylmorpholine dihydiochloride {WO 00/63168; 62 mg, 0.44 mmol)» 
DIPBA (179 mg, 1.39 mmol) togedi<tf witih 5 drops of acetic acid. The mixture was stirred 
for 25 minutes and then sodium triacetoxyborcdiydride (1 18 mg, 0.55 mmol) was added. 

15 The mixture was stirred at RT overnight The solvent was removed and the residue was 
partitioned between ethyl acetate and saturated NaHCOa (aq). The phases were separated 
and the aqueous solution was extracted with ediyl acetate. The combined organic sohitions 
wrae dried over MgSO^ and die solvit was removed by evaporation. The residue was 
chromatogrq>hed on inlica gel using a ndxture of methanol and €£^02 as eluent (gradient 

20 0 to 20 % methanol). There was obtamed 124 mg (63 %) of the tide compound as an cnl. 
*HNMR (500MHz. CDCh): 1.4-1.8 (cm. 2H), 2.2-3.8 (cm. 21H), 6.7 (s, IH), 6.8-7.2 (m. 
5H). 7.3 (s, IH); MS: mfz 500 (M^. 

Hie matCTal was shown to be 95 % opdcally pure (mandomeric excess) by analytical 
" * - 25 chiral HPLC (Chirobiotic V. 250 x 4.6 mm) using a mixture of methanol, tiiethylamine 
: and acetic add (100/0.1/0.05) as mobile phase. 

Preparation of Starting Materials 

• • » 

The starting matmals for the examples above are eitiier cdnnmercially available or are 
30 readily prepared by standard methods from known matmals. For exanqple. die following 
reactions are an illustration, but not a limitation, of some of the starting materials. 
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Method 40 

rf2S^>2^3,4-DichlcmiphenvlV443-thiQmorpholin-4 >vlaz^ 
hydrochloride 

(a) 4'll-(Diphenylmethyl)azetidin-3*yl]t^ 

A mixture of l.(Diphenylmethyl)azetidin-3-yl methanesulfonate (X Org, Chem.;56; 1991; 
6729% 10 g, 31.5 mmol), thiomorpholine (3.9 g, 38 mmol) andDDPEA (4.9 g, 38 mmol) was 
lefluxed overnight The volatiles were removed by evaporation and die residue was 
partitioned between ClfcCfe and NaHCO$ aq. The organic layer was washed twice with 
NaHCOa aq. and then extracted witii an aqueous solution of citric add (3x70 mL of IM). 
The aqueous layer was cooled and then pH adjusted with- aqueous NaHCOa and then 2M 
NaOH aq. The mixture was ratrac^ with a mixture of CHaClz-EtOAc-ettianol and the 
organic solution was dried over MgS04 and then removed by evaporation. Thm was 
obtained 9.3 g (91%) of 4-[l-(diphenybnethyl)azetidin-3-yl]thiomorpholine as a pale 
yellow solid *H NMR (400 MHz. CDCI3): 2.5 (m, 4H). 2.7 (m. 4H), 2.8 (t. 2H), 3.0 (qn. 
IH). 3.4 (m, 2H), 4.4 (s. IH), 7.1-7.4 (m. lOH); MS: mfe 325 

(b) 4-Az0dMn'3-ylt}Am^^ 

4-[l-(Diphenyfanethyl)azetidm-3-yl]ihiomorpholine (1.0 g, 3.1 mmol) was dissolved in 
CH2CI2 under nitrogen and sthied at 0% during die addition of 1-chloioethyl 
chlorofcnmate (1.3 92 mmol). The mixture was stined for 90 min and Oien methanol (1 
mL) was added. The solution was lefluxed for 20 mm and the solvent was removed by 
evaporation. To the residue was added acetone (10 niL) followed by isopropanol (10 mL) 
and the mixture was dien refluxed for 30 min and dien placed at RT ovemi^t Hie 
mixture was cooled and the precipitate was collected by filtration. There was obtained 250 
mg (5 1%) of 4-azetidin-3*ylthiomoriflioline dihydrocMoride as a pale brown solid. 
NMR (400 MHz. DMSO-da): 2^3.8 (c m, 8H). 4.0 (b, 2H), 4.3 (m, IH). 4.5 (b, 2H) 9.2 
(b.lH),10.4(b,lH). 

(c) tert-'Butyl [(2S)-2'(3,4^chU^rophenyl)'4-(3'ihion^ 

yl)butyl]methylcarbamaie 
tert'Bvayl [(2S)-2K3,4Miichlorophenyl>4-oxobutyl]methylcarbamate (610 mg, 1.8 mmol) 
was dissolved in 1.2-dichloroethane (20 mL) and to the resultant solution was added 4- 
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azetidin-3-yl1hiomorpholine hydrochloride (430 mg, 1*9 mmol) followed by the addition of 
sodium friacetoxyborohydride (480 mg, 2.2 mmol). The mixture was stined at room 
temperature for S h and then trietfaylamine (0.73 mL, 5.2 mmol) was added* The reaction 
mixture was stirred for 2 hand then partitioned between CHiCh and NaHC^ The 

5 organic layer was washed with water and tfie combined organic solutions were dried ovot 
MgS04. The solvent was removed by evaporation to yield an oil, which was 
chromatographed on a revved phase column using a mixture of acetonitxile and 0.1 M 
ammonium acetate aq. The apfuxipriate firactions were extracted with ether. The organic 
solution was dried ov^ MgS04 and then the solvent was removed by evaporation. There 

10 was obtained 266 mg (31%) of ferr-butyl [(2S)-2-(3,4-dichlorophenyl>4-(3Tthiomorpholin- 
4-ylazetidin-l-yl)buQrl]mediylcarbamaie as an oil. 'H NMR (400 MHz» OXas): 1-4 (s, 
9H). 1.5-3.5 (c m. 23H). 7.0 (dd. IH), 73 (d, IH). 7.4 (d, IH); MS: m/z 488 (M*). 

(d) [(2S)'2'-(3A'Dichloraphenyl)'4-(3-^^ 

IS hydrochloride 

rert-Butyl I(25)-2-(3,4<lichlorophmyl)-4-(3.thiomorpholin-4-ylazetidin^ 
yl)butyl]mediylcaibamate (260 mg, 0.53 nunol) was dissolved in ether (IS mL) and stined 
during the dropwise addition of HCi (15 mL of 4M dioxane solution). The mixture was 
stined at room temperature for 1 h and tiien the solvent was removed by eviq[K>ration. 

20 There was obtained 270 mg (100%) of [(2S)-2-(3,4-didiloroph«iyl)-4-(3-tfaiomc«rpholin-4- 
ylazetidin-l-yl)butyl]metiiylainine hydrochloride as a white solid. NMR (300 MHz, 
CD3OD): 1.9-2.2 (b, 2H), 2.7 (s, 3H), 3.0-4.8 (cm. 19H). 7.4 (d, IH), 7.6 (m, 2H); MS: miz 
388 (M^. 

25 Method 41 

] ((23fW2-f3,4-DicWoroohenv lV4-r3>(l>oxidotfaiQmorDhoHn^^ 

: \- ynbutvlTmethvlamine diacetate 

- [(25)-2-Q,4-IMcMorophenyl)-4<3-tfaiomorphoUn-4-yIazetidm-l-^^^ 

hydrochloride Method 40; 270 mg, 0.54 mmol) was dissolved in acetic add and to the 

' • * 30 resultant solution was added hydrogen pooxide (0.05 mL of 35% aqueous solution, 0.54 

\\ I mmol). The mixture was stirred at room tenqperature for 2.5 h and the solvent was removed 

• • • 

by evaporation. The residue was dissolved in elhanol (50 mL) and to tiie resultant solution 
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was added MP-Carbonate resin (0-86 g of 3-18 ixunol/g polymer-bound resin). The mixtiue 
was stirred for 30 min and then filtered whereupon the solvent was removed by 
evaporation. The product was purified by revised phase chromatography using a mixture 
of acetonitrile and 0, 1 M ammonium acetate aq. There was obtained 140 mg (49%) of 
5 { (2S)-2-(3,4-Dichlorophenyl>4-[3Kl-oxidothiomorpholin-4-yl)azetidi^^ 

yl]butyl}methylamine diacetate. NMR (400 MHz. CDCI3): 1-6-1-8 (m. 2H), L9 (s, 6H), 
2.3-2.4 (m, IH). 2.4-2.5 (m, 7H), 2,7-3.0 (m. lOH), 3.1 (m, IH), 3.6 (m, 2H). 7-0 (dd, IH), 
7.2 (d. IH), 7-3 (d. IH), 8.2 (s. 2H); MS: m/z 404 (NT). 

10 Method 42 

S-Cvano-l-benzothiophene-7-carboxvlic acid 

(a) Ethyl 5-cyano-l-benzothiophene-7^arbaxylaie 

7V^[2-cyano'0-(dimethylaniino)prop*2-en-l-ylidene]-N-methyln^ 

{Collect Czech. Chem. Camnum.: S2: 5: 1967; 1704\ 5.84 g. 23.2 mmol) and ethyl 2-thienylacetate 
15 (3.95 g, 23.2 mmol) weie mixed witti quinoline (117 rnL) at (fC Sodium ethoxide (1.97 g, 
27^ mmol) was added and the mixtme was stirred at OK: for 30 min and then at RTfor 15 
min. The reaction inixture was heated to 75^ tmder nitrogen for 5 h and tfien cooled to 
0^. Hydrochloric add (200 oiL ctf 2N aqueous soludon) was added and the mixture 
extracted trice wiA chloroform. Ibe organic solution was washed wi A brine and dien dried 
20 over Na2S04. The solvent was removed by ev^oration and the residue flash 

chromatographed on silica g^ (h^iane-ethyl acetate, 8:1). There was obtained 23 g (43%) 
of eAyl S-cyano-l-benzofiiiophene'7-caiboxyIate as a pale yellow solid. NMR (300 
MHz, CDCI3): 1 J (t. 3H), 4.5 (qt, 2H). 7.5 (d, IH), 7.7 (d, IH), 8.3 (m, 2H). 

25 (b) 5'Cyano'l-benzaihiophene''7'Carboxylh acid 

: Ethyl 5-cyano-l-benzotfuophene-7-carboxylate (5.6 g, 243 mmol) was dissolved TES' (96 

: mL) and to tiie resultant solution was added an aqueous solution of NaOH (1.07 g of 

• NaOH in 14 inL of water, 26.7 inmol) at 0^. The inixture was stirred at RTovenugJitm^ 

• - - then most of the solvent was removed by evaporation. The residue was dissolved in an 

' l 30 aqueous solution of NaOH (0.1 M). The solution was washed trice with chloroform, 

/ : ' acidified witii TM HC3 and then extracted with etiiyl acetate. The organic solution was 

*. evaporated and the residue fladicIm>rnatographed on siUca gel (CXIzC^ 
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8:2:0 J). There was obtained 4.3 g (85%) of 5-cyano-l-benzoftiopliene-7-caiboxylic add 
as a tan soUd. NMR (500 MHz. DMSO-de): 7.7 (d, IH), 8.1 (d. ZH), 83 (d, IH), 8.7 (s, 
IH). 14 (b, IH); MS: vo/z 202 (M). 

s Method 43 

l-Azetidin-3-v1pvrfolidin -3^1 dihvdrochloride 

(a) l-[l-(diphenyltneaiyl)metidinr3'ylJpyrr<aidm-3-ol 

l-(Diphenytaiethyl)azetidm-3-yl melfaanesulfonate (7. Org. Chem.; 56; 1991; 6729-, 310 mg, 
0.98 nunol) was dissolved in acetonhrile (3.5 mL). PyiToUdui-3-ol (104 mg. 1.2 nunol) and 

10 tnethylamine (124 mg, 1.2 mmol) woe added and the mixture was .subjected to ndciowave 
single node heating for 10 nunutes. Ttie solvent was removed by evs^ration and tiie 
leddue was dissolved in elfayl ac^te. The ralution was washed with water and dried over 
MgS04 and then evaporated. There was obtained 280 mg (93%) of Hl- 
(diphenyhnethyl)azetidin-3-yl]pynolidm-3-ol as an dl. *H NMR (300 MHz, CDCns): 1-6- 

is 1.8 (m. IH), 2.1-2.3 (m. 2H). 2.4-2.6 (m, 2H), 2.6-2.8 (m. IH). 2.9-3.0 (m. 2ffl), 3.1-3.2 (m. 
IH). 3.3-3.4 (m. 2H), 43 (m, IH), 4.4 (a, IH). 7.1-7.5 (m. lOH); MS: mfe 309 (M*). 

(b) l-Azetidtn-S-yipynoUeHn-S-ci . 

l-[l-(diphenylm^yl)a2etidin-3-yl]pyin>lidhi-3-ol (310 mg. 0.98 mmol) was dissolved in 
20 ethanol (20 mL). A mixture of palladium hydroxide on carbon and pa l ladi u m on activated 
carbon was addedandto the resultant mixture was then added concentrated HCl (0.1 mL) 
diopwise. The mixture was stirred undo: hydrogw (5 atm) at RT overnight and then the 
catalyst was filteied off by means of Celite®. The solvent was removed by evaporation and 
the residue triturated with CH2CI2. There was obtained 154 mg (79%) of l-azettdin-3- 
2s y]^pytrolidin-3-ol dihydrocUotide as a solid. iNDiUK. (75 MHz, P2O): 48.8 (s), 65.1 (s), 
j 67.7 (8). 70.9 (8), 76.2 (s), 85.7 (s); MS: wJz 143 (M*). 

^ » ♦ 

*'.' • Method 44 

■ 

..I:' 8-Azetidin-3-vl-1.4-dioxa-P -a7?«plmM.S]^^y,ftY^Wftri'te 

: 30 (a) 8-[l-(d^het^lmeaiyl)azetidin-3-ylJ-i,4Hlioxa'8-<i^ 

' ' The c<»npound was syndiesised in an analogous way to M^iod 43a but using l,4-dioxar8- 

• -* azaspiro[4.5]decane as starting material nidier than pyrroli£n-3-ol (yield, 72%). 'H NMR 
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(400 MHz, CDCla): 1.6-1.8 (m, 4H), 2.3-2.3 (m. 4H), 2.9 (t, 2H), 3.0 (qn, IH), 3.4 (t. 2H), 
3.9 (s, 4H), 4.4 (s, IH). 7.1-7.5 (m, lOH); MS: m/z 365 (M*)- 

(b) 8-Metidin-3-yUl,4-diom'8HiZflspiro[4.5]decane 

8-[l-(piphcnylmethyl)azetidin-3-yl]-l,4-dioxa-8-azaspiro[4.5]de^ g. 1.4iDmol) 

was dissolved in dry CH2CI2 under nitrogen and to the resultant solution was added 1- 
cUoioetfayl chlorofonnate (0.45 mL, 4.1 mmol) at 0^. Hie mixture was stined for l.Sh 
and then methanol was added. The solution was heated to reflux for 20 nun and then the 
solvent was removed by evapOTation. The residue was triturated with acetone and the 
precipitate was tiien recrystallised from isopiopyl alcohol. There was obtained 23S mg 
(73%) of 8-azetidin-3-yl-l,4-dioxa-8-azasiriio[4^]d6cane hydrodiloride as a solid. MS: 
m/z 199 (M*). 

15 Method 45 

l-rQ^ut-rf3-cvimc ^l>nanhthovlVmethvnamino1-3>>f3,4^^ 

vl metiianesulfonate 

(a) 3.QwlK^.A^^f2S^2-^J,4.d^cWoI^^ 

mgfhihamide 

20 3-Cyano-Ar-[(2S)-2-(3/»-dichloiophen3«)-4-oxobutyl>^^ (WO 

(KMi2859; 1.0 g, 2.3 mmol) was dissolved in CSkf^z (10 mL) and to the resultant solution 
weie added azetidin-3-ol hydrochloride (0^ g, 2.2 mmol) and triethyiamine (030 mU 2.2 
mmol). After stirring for 40 min, sodium triacetoxyborohydride (0.65 g, 3.1 mmol) was 
added and die solution was stined at room temp^alure for 3 h« The solvent was r^oved 
* : ' *: 25 by evaporation and the residue was partidoned between isattuated aqueous NaHCOa 

: solution and ethyl acetate. The solvent was removed by evaporation and the residue was 

I V dissolved in hydiochloric acid (IM). The solution was washed with GHaQa, alkalised with 
0 aqueous NaOH (2M) and then extracted with CEfeCla* The solvent was removed by 

^. I : ' evaporation and there was obtained 0.85 g (80%) of 3-cyano-iV^[(2S)-2-(3*4- 
: 30 dichlotophenyl)-4-(3-hydroxyazetidin-l-yl)butyl]-j\^ 

soKd. *H NMR (400 MHz. DMSO-da): 0.8-4.4 (cm, 15H), 6.4-8.2 (cm, 8H). 8-6 (4 IH); 
MS:in/z482a>fr). 
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(b) l.[(3S)'4-[(3'Cyano-I-tt{vhihoylHmethyl)aminoJ'3-(3,4' 

dichlorophenyl)butylJazetidin'3-yl methanesu^onate 
3-Cyano-Ar-[(2S)-2-(3,4-<ficWorophenyl)-4-(3*ydroxya2etidin-l-yl)buQ^^^ 
naphthamide (0^ g, 0.41 mmol) was dissolved in CHzClz and to the xesultant solution 
was added tri^ylamine (0.17 mL, 0.41 mmol). The mixture was cooled to 0^ before 
caiefol addition of mettumesulfonyl dhloiide (0.03 mL. 0.41 mmol). The mixtore was 
stined witii cooling for 30 min and tiien at RT for 1 h. The reaction nnxHuB was diluted 
wifli CH^CIz and washed with hydrocMoiic acid (IM), saturated NaHCQs and tiirai 
with brine. Hie organic solution was dried over MgS04 and ibe solvent removed by 
evaporation. Hjere was obtained 0.21 g (92%) of l-[(3S)-4-t(3-cyano-l- 
naphthoyl)(metiiyl)amino]-3-(3/4-dichloioph«i^)butyl]az^din-3-yi methanesulfonate as 
a solid. MS: m/z 560 (M*). 

Method 46 

342vmo-jy-r2-f4-flaQiOBhenvlY-4^xobu tiH1.Jtf-methvl-1-nBnhthamide 
(a) 2-^4'FUuinvihenyl)'N-meai3^>ent-4'^namide 

2-(4>Fluoiopheny1)pent-4-enoic add (fiioorg. M«L Oum. Lett. 2000. i«95; 4.20 g, 21.6 mmol) 
was dissolved in CHaCb (75 mL) and to tiie resultant solution was added TBTU (7.29 g, 
22.7 mmol). The mixture was stirred at RT for 15 min and then metiiylamine (1 1.9 mL of 
2M THF solution, 23.8 mmol) and DIFBA (1 1.2 g, 863 mmol) were added. The reaction 
mixture was stined at RT f or 3 h. siibsequentiy diluted with (50 niL) and tiien 

washed several times witii water. The solvoit was reuMJvedby eviq>oration and the lendne 
flash chiomatogRq;>hed on silica get Oieptane-ediyl acetate, 1:1). there was obtained 3.5 g 
(78%) of 2-(4-fluor«)phenyl>^-metiiylpfflit-4-enanude as an dl. which shortly after 
crystallized. *H NMR (400 MHz, CDCI3): 2.5 (qn. IH). 2.7 (d, 3H). 2.9 (qn, IH). 3.4 (t, 
IH), 4.9-5.1 (m, 2H). 5.6-5.8 (m. IH). 6.0^.2 (b. IH). 7.0 (m, 2H), 73 (m, 2H). 

(b) [2-(4-Fluorvphen;^)pent-4-en-l-yl]meHiylamtne 

Litfaiom aluminium hydride (0.11 g, 2.9 nunol) was slurried in elhw (15 mL) undM 
nitrogen with stirring. A solution <rf 2K4-fluorDphenyl)-Ar-mettiylpent-4-enamide (0.20 g ii 
5 mL of eflier, 0.97 mmol) was added car^idly and the mixture was tijoi stirred at RT 
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ovemight. Water (0.11 mL) was added dropwise foUowed by a solution of NaOH (0.1 1 mL 
of a 15% aqueous solution) and ttica water (033 mL) again. The mixture was stined for 10 
min and tiien filtered. The filter cake was washed witii ether and tiie combined solutions 
were washed several times with water. The organic solution was dried ov^ MgS04 and tiie 
solvent was removed by eviqpcnntion. There was obtained 0.16 g (86%) of [2^(4- 
fluQiophenyl)pent-4-en-l-yl]melhylamine as an oil. NMR (400 MHz. CSX^la): 2.4-2.6 
(m. 5H), 2.7-2.9 (m, 3H). 4,9-5.0 (m, 2H), 5.6-5.8 (m, IH), 7.0 (m, 2H), 7.1 (m, 2H); MS: 
xn/z 194 (M*)- 

(c) 3-CyanO'N'[2^4'fiuorophen^^^ 

[2-(4-Fluorophenyl)pent-4-en-l-yl]metfaylamine (1.0 g, S.2 mmol) was dissolved in 
COsfllz and stined at 0^ during addition <tf DIPEA (1.5 g» 1 1.4 mmol) and 3-cyano-l- 
naphtfaoyl chloride O^Eethod 51; 1.1 g, 5.17 mmol). The mixtuie was stirred with cooling 
for a short while and then stuied at RT for 2 h. The mixture was washed twice with water* 
once witii an aqueous solution of KI£504, and tfim witii tnine. The solvmt was removed 
by evsQKiration and die residue fla^ chromatograpl^ on silica g^l (methanol- CHizClz. 
S:95). There was obtained 1.55 g (80%) of 3-cyano-jyr-[2^(4-fiuQn^enyl)pent-4-^-l-yl}- 
AT-metiiyl-l-n^qditiiamide as an oil. ^HNMR (400 MHz, CDCh)\ 2.1-4.9 (cm, 8H), 5.0-5.1 
(m, 2H), 5.6-5.8 (m, IH), 6.4-8.0 (cm, 9H), 8.2 (s, IH). 

(d) 3'Cyano-N'[2'(4ifluorophen^H'^^butyl]^^ 

3-Cyano-Ar-[2-(4-fluorophenyl)pent-4-en-l-yl]-iV'-mediyl^ (1.5 g, 4.03 

mmol) was dissolved in a mixture of acetone (30 mL), rert-butanol (15 mL) and wat^ (7.5 
mL) and stined at RT during addition of OSO4 (0.40 niL of 2.5% in ^rt-butanol, 0.04 
mmol). 4-Mjediyhnoipholine JV-oxide (2.08 g, 17.8 xnmol) was added and the mixtuie was 
stured at RT overnight A saturated aqueous solution of sodium bisulfite (IS mL) was 
added and the mixtuie stined for 5 min and then concentrated. The resi due was diluted 
with water (100 mL) and then extracted trice with CHj^Ha. "Die combined organic 
solutions were washed with brine and the solvent rraioved by evaporation. The residue 
was dissolved in a mixture of THF (21 mL) and water (7 mL) whmupon sodium p^odate 
(0.95 g, 4.43 mmol) was added. The solution was stined at RT ovmigfht and then diluted 
with water (ISO mL) and brine (75 mL). Hie mixture was extracted trice with etiiyl acetate 
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and the combined drganic solutions were washed with water and dien with brine. The 
solvent was removed by evaporation and the residue flash chromatographed on silica gel 
(ethyl acetate- heptane, 7:3)- There was obtained 1.43 g (95%) of 3-cyano-Ar-[2-(4- 
fluon}phenylM-oxobutyl]*jV-mediyI'-l-naphthamide as a colourless oil. ^HNMR (400 
5 MHz, COas): 2.4^.4 (cm. 8H), 6.8-8.0 (cm. 9H), 8.2 (s. IH). 9.8 (s. IH). 

M«tfaod47 

34:S^o-jy>r2^4-cvanoDhenvn -4^xobutvll-JV^^^ 

(a) {2'(4'Bmm<^henyl)^'[(triisopr€q^lsUyl)ojQf]buty 

10 3-(4-BromophCTyl)-4-(metfaylaminp)butan-lrol (Chenu Phamu Bull 46, 1998, 242; 1.77 
g. 6.86 mmol) was dissolved in CB^2 (100 mL) at 0°C under ai^n. Imidazole (1.22 g. 
17.9 mmol) was added, the mixture stined fen* 10 min and dien triisopropylchlorosilan 
(3.16g, 16.4 mmol) was added with cooling. The mixture was stiired at RT temperature for 
48 h and then washed twice with water (100 mL) and toine. The solvmt was removed by 

15 evqibration and the residue flash chromatographed on silica gel (CHigCla - Medianol - 
NH4OH. 15:1:0.1). Theie was obtained 2.17 g (7S%) of (2-(4-Biomophenyl>4- 
[(tiiisopropylsilyl)oxy]butyl}methyIamine as an oil. NMR (300 MHz, CIXls): 0.9-1.1 
(m, 21H), L6-1.9 (m, 2H), 2.4 (s, 3H), 2.7-2.8 (m, 2B), 3.0-3.1 (m, IH), 3.4-3.6 (m, 2H), 
7.1(d,2H).7.4(d,2H). 

20 

(b) tert^Buiyl {2'i44>mnwphenyl}^[(triisopropyUUy^ 

{ 2-(4-BrcmK>phenyl)-4-[(triisopropylsilyl)oxy]buQrl}mediyl^ (0.95 g, 23 mmol) and 
4-dimethylaminopyridme (0.34 g, 2.8 mmol) were dissolved in dry CH2CI2 (1 0 mL) 
under nitrogen. Boc-anhydride (1.1 g, 5.1 mmol) was added at 0°C and die mixture was 
2S stirred at RT for 48 h and thra washed twice with brine. The solution was dried over 
: Na2S04 and the solvrnt was removed by evaporation. The residue was flash 

: \' chromatographed on silica gel (h«ane-edier, 40:1 to 8:1). Thm was obtained 1.66 g 

\}' (73%) of i^ft-Butyl {2-(4-bromophenyl)-4-[(triisopropylsilyl)oxyJbutyl}mefliylcarbama 
..:r as an oil. *H NMR (300MHz, CDCI3): 0.9-Ll (m, 21H). 1.4 (s. 9H). 1.7-1.9 (m, 2H), 2.7 

30 (m, 3H), 3.2-3.6 (m, 5H), 7.0-7.1 (m, 2H), 7.3-7.4 (m. 2H). 

(c) tert'Butyl f2'(4'CyanophenylH'[0riis(^ropylsifyl)^ 
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reit-Butyl {2-(4-bromophenyl>4-[(triisopiopylsUyl)oxy (1.16 g, 

2.25 mmol), tris(dibenzylideneacetoiie)dipalladBum (0) (0.62 g, 0.68 mmol) and tri-a- 
tolylphosphine (1.03 g» 3.38 mmol) were mixed togettier with acetonitrile (3 mL) and DMF 
(3 mL) und^ argon. Zinc cyanide (0.16 g, 1.35 mmol) was added and the mixtuie was 
5 stinted at 81^ for 24h and tfien concentrated. Ediyl acetate was added to the residue and 
the sliuiy was filtered tfirough a micro filter. The solvit was ranoved by evafKiration and 
tfie residue purified by flash chromatography (hexane-etfaer, 10:1). There was obtained 
0.43 g, (41%) of lerr-butyl {2-(4-cyanophenyl)-4- 

[(triisppropyldlyl)oxy]butyl}meth^caibainate as a solid. ^HNMR 000 MHz, CDCla): 
10 0.9-1.1 (m, 21H). 1.4 (s, .9H). 1.7-1.9 (m. 2H), 2,7 (m, 3H), 3.2-3.6 (m, 5H)» 73-7.4 (m, 
2H), 73-7.6 (m, 2H); MS: m/z 361 (M^. 

(d) 4^{3'^Hydroxy-l'[(methylanitiw 

teft-BuTyl {2^(4-cyanophenyl)-4-[(tiii8<9ropylsilyl)oxy]but/l}methylcaibamate (0.37 g) 
IS was dissolved in THP (8 mL) at 0^. Hydrochloric add (8 ml of 6K( solution) was added 
and the mixture stirred overnight at RT. The v<datiles were removed by evqxnadon and 
then removed azeotropically after the adcUtion of medianol (5x50 mL). The residue was 
dissolved in water and the solution alkalised to pH 8-9 by the addition of NaiCOa (s) and 
then extracted trice with ediyl acetate (100 xnL). The or:pnic soludon was dried over . 
20 Na2S04 and then eviq^rated. The product was purified by flash chromatography (CH2CI2- 
MeOH-NH^OH, 9:l:0.1)./niere was obUtined 0.10 g, 60%) of 4-{3-Hydroxy-l- 
[(inethylamino)metiiyl]pr(9yl}benzonitrile as a solid. 'H NMR (300 MHz^ CEXSa): 1.9-2.0 
(m, 2H), 2.5 (s, 3H). 2.8-2.9 (m. 3H). 3.4-3.7 (m, 3H). 3.7 (m, IH), 7.3 (d, 2H), 7.6 (d, 
2H);MS:ni/z205(Mr). 

25 

(e) 3-CyanO'N-[2'(4<yanophenyl)^'hydroxyhutyU^ 

4-{ 3-Hydroxy-l-[(methyIamuio)mediyl]propyl}benzonitriIe (0.55 g, 2.69 mmol) and 
DIFEA (0.77 g, 5.9 mmol) were dissolved in 09202(5 mL). 3-Cyano-l-nsQ>htfaoyl 
chloride (Method 51; 0.58 g, 2.69 mmol) was added in portions with stirring and cooling 
30 (external ice-batti). The mixture was stined for2 h with cooling and Aen diluted with 
CII2CI2 (10 mL). The solution was washed twice with water* twice with a. saturated 
aqueous KHSO4 soludon and then with brine. The solvent was removed by evaporation 
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and the residue flash chromatogrq>hed cm silica gel (C%Q2-MieOH, 9:1). There was 
obtained 0,70 g (67%) of 3-cyano-N-[2<4-cyanophenyl)-4-hydroxybutyl]-N-meft^^ 
naphthamide as a white solid. ^HNMR (400 MHz, CDCI3): L4-2.S (cm, 2ED« 2.6 (s, 3H), 
3.1-4.6 (cm, fiH), 6.4-7-8 (cm. 8H), 7.9 (d, IH), 8.2 (s. IH); MS: m/z 384 (M*). 

s 

(f) 3'CyaiiO'N-[2'{4<yanophenyl}'4-oxobuty^ 

3-Cyano-JV-[2-(4K:yanophenyl)-4-hydroxybutyl]-2V^methyl^ (0.70 g, 1.8 

mmol) was dissolved in CH2CI2 (15 mL) and to the resultant solution was added Dess 
Martin Pedodinane (0.85 g» 2.0 mmol) in poitions. The nuxtnre was sdned at RT 

10 oveniight and thra sodium ttiiosulfate (1.9 g, 12 mmol)* dissolved in saturated NaHCOs 
solution (30 mL), was added. Hie mixture was stirred vigorously for 2h and dien the 
orpnic soluticm was washed widi brine and dried over Ni^S04. The solvent was removed 
by evqKiration and the residue purified by flash chrbmatogtaphy (ethyl acetate-heptane, 
4:1). There was obtained 0.50 g, (43%) of 3-cyano-JV-[2-(4-cyanoph«iyl)-4-oxobutyll-JV^ 

IS methyl-l-naphtfaamide as a white soUd. NMR (400 MHz, CDQa): 2.7 (s, 3H), 2.9-4.4 
(cm, 5H5, 6.4-7.8 (cm, 8H). 7.9 (d, IH), 8Ji (s, 1H)» 9.8 (s. IH); MS: m/z 382 QJt). 

Method 48 

TMomorpholine 1.1-dioxidedihvdffochlcmde 
20 (a) 4-[l-(Diphenylmethyl)az0t^ 

The compound was synthesised in an analo^us way to Mediod 43a but using 
tUomoipholine 14-dioxide (J. Oum Soc 1949. 3433) rathwthan pyrtoUditt-3-ol (yield, 
19%). 'H NMR (400 MHz, CDQs): 2.7-2.8 (m, 4H), 2.8-2.9 (m, 2H). 3.0-3.1 (m. 4H), 3.2 
(qn, IH), 3.4 (m, 2H), 4.4 (s, IH). 7.1-7.4 (m, lOH); MS: m/z 357 (M^. 



: (b) Thioniorpholim IJ'-diasdde da^f^ 

Hie compound was syndiesised in an analogous way to Method 43b but usmg 4-[l- 
:':': (diiflienyIiiKdiyl)azetidinr3-]d]thioi]i(npI)oliiie 1.1-dioxidc latfiar dian 1-[1- 

(diphenylmelfayl)azetidiii-3-yl]pynDUdiii-3-ol (yield, 89%). *H NMR (400 MHz. D2Q): 
30 3.2-3.4 (b, 4H), 3.4-3.5 (m, 4H), 4.2 (m, IH), 4.2-4.4 (4H). 
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Method 49 

l-Azetidm-3-vlpiperidm-4-ol dihvdrodiloride 

(a) l-[J-iDiphenylmethyl)azetidat'3'yl]piperidin-4-ol 

Hie compound was synthesised in an analogous way to Affethod 43a but using ^peiidin'4- 
s ol lather than pynoUdin-3-ol (yield, 73%). *H NMR (400 MHz. CDCb): l.S-1.6 (m, 2H), 
1.8 (m, 2H), 2.0 (m, 2H). 2.6 (m, 2H). 2.8-3,0 (m, 3H0, 3.4 (m. 20), 3.6-3.7 (m, IH), 4.4 
(8, IH), 7.1-7.5 (m, IQH); MS: m/^ 323 (M^. 

(b) l'Azetidin-3-y^iperidin-4^ldff^^dn)dilot1de 

10 The compound was synthe^ed in an analogous, way to Metfiod 43b but using 

(diphaiyImBtfa^)azetidjn-3-yl]piperi(&i-4-oltadierd»n Hl-(diphenylmethyl)azetidin-3- 
y1]pyiioUdin-3-ol (yield. 89%). *H NMR (400 MHz. DMSO-de): 1.6-5.0 (cm. 13H). 9.0- 
9.4 (b, IH), 9.8-10.2 (b, IH), 12.0-12.8 (b, IH).' 

IS M^odSO 

2.r4-Plnoropiienvi'>-4-(3-tliiomQrpholin-4-v lii^ 
hvdrodiloride 

(a) tert-But^{2'(4ifUioropherQfl^^'^-en^l-yl]m^^^carbamate 
[2-(4-fluorophenyl)pait-4-ai-l-yl]methylaniine (MBdiod46b; 11.2 g, 190 mmol) was 
20 dissolved in THF (350 mL) and to tiie solution was added tiiediylainine (8.7 ml, 100 
mmol). The mixture was croled on an ice-baA and di-csft-but^dicarbonatB (IS g, 218 
nunol) was added. The ice-balfa was removed and die reaction mixtnie was allowed to 
xeach lOom traqieFature and tiien stiired ovemiglit Edxer was added and die mixture was 
washed widi wat». The organic l&yec was dried (M^SOa) and the solvent removed by 
25 eviQK»ation.Thae was obtained 16.5g (29%) of reif-bu^[2-(4-fluorophenyl)pent-4-en 
: yQmediylcaifoamate as a yellow solid. 'H NMR (400 MEb. CDCI3): 1.4 (s, 9S^, 2.2-2A 

(m. 2H). 2.5-2.7 (cm. 3H), 2.8-3.8 (cm, 3H), 4.8-5.0 (cm, 2H), 5.5-5.7 (m, 1^, 6.9 (t, 2H), 
:T: 7.1(b,2H). 

» * • 

30 (b) l'[(tert-butaxycariHn^l)(fnethyl)aminoH^ 

tert-Butyl [2-(4-fluprophenyl)peiit-4-en-l-yllinethylcaiban^ (17,0 g. 57.9 mmol) 
r was dissolved in a mixtuxe of acetone, r-butanol and water (190 mL, 2:1:1). OSO4 (3ml, 
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2.5% t-butanol solution) was added at rt and after sdning for 10 nunutes, NMO (27.1 & 
23 1 mmol) was added. The mixtuxe was stirred overnight and then the reaction mixture 
was quenched by adding an aqueous solution of 20% sodium bisulfite. Hie mixture was 
stined for ISmin and then diluted with water. The solution was extracted with €31202 and 
5 the organic extract was washed with brine, dried and concentrated on a rotavapor. There 
was obtained 19.4 g (100%) of crude l-[(re/t-butoxycarbonyl)(methyl)amino]-l,2,3- 
trideoxy*2*(4-fluoiophenyl)pentitol as an oil.^H NMR (400 MEIz, CDOa): 1.3 (s, 9H). 
1.4-1,8 (cm, 2H), 2.0-3.6 (cm, IIH), 6.9 (t. 2H). 7.1 (b, 2H)- 

10 (c) ten-Butyl [2'^4-fluorophenyl)'4'OxobiaylJmeaiylc^^ 

l-[(/cf*-butoxycartKmylXH»thyl)amino]-lA3-trideoxy-2K^^ 
(19.4 g, S9.2 mmo) was dissolved in a mixture of THF and water (3:1) and to the solution 
was added NaI04 (17.7 g, 82.9 mmol). After stitdng fQr6 h the reaction mixture was 
diluted with water and the mixture was extracted with ediyl acetate. The or^nic mtract 

15 was washed with brine, dried and concentrated on a rotavapor. There was obtained tert- 
Butyl [2K441uon>phenyl)-4-oxobutyl]methylcari)amate as a yellow oil. '^C NMR (100 
MHz, CDdz): 28.4 (s), 35.1 (d). 38 (m), 47.3 (d), 54.6 (d), 79.8 (s), 115.7 (d), 129.4 (d), 
137.2 (s), 155.8 (m). 160.7 (s), 163.2 (s). 200.6 (d). 

2a (<0 ten-Butyl [2'(4-fluorophenyl}^3'tMmnorpfw^^ 
yl)butyl]meikylcarbaniate 

reit-Butyl ^4-fluon>phenyl)'4K>xobutyl]metfaylcaibamate (0.50 g, 1.7 mmol) and 4- 
azetidin-3-yltfalaniorpholine dihydrochloride (0.45 g, 2.0 nmiol) were dissolved in 
methanol (30 mL). A medianolic solution (IS mL) of sodiiun cyano borobydride (0.71 g, 
25 11^ minoi) and annc chloride (0.77 g, 5.6 mmol) was added and the mixture stir^ 
; at RT. The sol v^ was removed by evaporation and the residue was partitioned between a 

saturated solution of NaHCQs aq and ethyl acetate. The organic solution was evaporated 
and the product was purified by reversed phase chromatography using a mixture of 
acetonitrile and 0.1 M ammonium acetate aq. There was obtained 350 mg (41%) of tert^ 
fV ^ butyl [2K4-fluorophenyl)-4-(3-thiomQrphcUn-4-ylazetidm-l-yl)buty]]^^ 

a pale yellow oiL ^HNMR (500 MHz, CDCh)i 13 (s, 9H), 1.6-1.7 (m. 2H), 2.0 (s, IH), 
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23-2,7 (m, 13H), 2.8-3.6 (m, 6H), 3.6-3.7 (m, 2H), 6.9-7.1 (m, 4H), 10.2-10.4 (b,lH); MS: 
Ba/2 438 0^. 

(e) 2-(4-muorophenyl)'4'(3'thionwrpholin^'ylaze 

5 hydrochloride 

fert-Butyl[2-(4-fluorophenyl)-4-(3-thiomorpholin-4-ylazetidin^ 
yI)butyl]Knethylcarbdinate (0.27 0.62 mmol) was dissol^E^ in a mixtuie of HCl and 
dioxane (4M HCl in dioxane). The solution was stirred overni^t at RT and then tfie 
volatiles were removed by evaporation. There was obtained 6.26 mg (100%) of 2-(4- 

10 fluorophenyl)-4-(3-thiomorpholin-4-ylazetidin-l-yl)butyl]m^ hydrochloride as a 

soUd. NMR (400 MHz, Ca>30D): 1.8-2.1 (2H), 2.7 (s. 3H). 2.9-4.6 (m. 18H), 7.2 (t. 
2H), 7.4 (m, 2H); MS: m/2 338 CM*). 

Method 51 

IS 3^vano-l-n aphthovl chloride 

S-Cyano-l-naphdioic add {Bioorg. Med, Otem. Lett. 2001. 2769; 1.1 g, 5.6 mmol) was slurried 
in CH^Cl2 (10 mL) and fbcai oxalyl chloride was added widi stiiring. A drop of DMF was 
added and the mixtuie stined at RT overnight imd^ nitrogen. The solvent was removed by 
evaporation and there was obtained 1.2 g (100%) of 3-cyano-l-naphthoyl chloride as a pale 

20 yellow solid. NMR (300 MHz, CDQa): 7.7-7.8 (m. IH), 7.8-7.9 (m, IH), 8.0-8.1 (m. 
IHX 8^ (s« 1H)» 8.7 (s» IH), 8.8 (dp IH). 

Method 52 

. . . 7-Chloro-2.3-dihvdro-1.4-benzodioxine-5-car boxvlic acid 
\ " 25 (a) 5-Chloro-2,3'dihydroxybemjaldehyde 

./ . 5-Chloro-2-hydroxy-3-methoxy-benzaldehyde (J. Org. Chem. 56; 1991; 5451; 20.0 107 

]• somol) was suspended in hydrobromic acid (100 mL of 47 % in water). The mixture was 
\i. refiuxed for 6 h and ttien cooled to RT before dilution with water (300 mL). The formed 
precipitate was collected by filtration and then washed widi water. After air drying, the 
i \\z 30 solid material was purified by soaking with CH2Q2 (4 x 150 mL). There was obtained 6.0 
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g (32 %) of 5K:hloio-2,3-dihydioxybenzaldehyde as a solid NMR (300 MHz, CDCI3): 
7.1 (d, IH), 7.2 (d, IH). 9,8 (s, IH). ILO (s. IH). 

(b) 7'ChlorO'2,3-dihydro-l,4'benzadwxu^ 

5 5<:hloio.23-<lihydn>xybeiizaldehyde (6.0 g, 34.7 mmol) was dissolved in DMF (100 mL) 
and to the solution wesce added l,2^l»omoetibane (8.0 g, 42.5 mmol) and potassium 
carbonate (10.0 g, 70 mmol). The mixtuie was stined at 100°C for one hour, cooled to RT 
and dien diluted with water (200 mL). After extraction twice with ethyl acetate (200 mL) 
the combined acganic solutions were washed wilfa brine and then dried over Na2S04. The 

10 solvent was removed by evapcxration and the solid residue treated witii methanol. ARer 
filtration and drying there was obtained 6.S g (94 %) of 7-cblon>-2,3-dihydro-l,4- 
benzodioxine*S-caibaldehyde. NMR (300 MHz, CDCI3): 4.3-4.4 (m, 4H). 7.1 (d, IH), 
7.3 (d, IH), 10.3 (s, IH). 

15 (c) 7'Chlow-2,3'dihydm-l,4'benzodioxine-5-carboxylic acid 

7-Chloro-2,3-dihydro.l,4-benzodioxine-5-carbaldehyde (6.25 g, 31.4 mmol) was dissolved 
in acetone and the solution was then cooled to S^C. A solution of CxOs in sulfuric acid (4 
M in 4 M H2SO4, 12.5 mL, 50 mL) was added dropvise over 2 min and the mixture was 
refluxed for 30 min. Water (ISO mL) was added and then most of the acetone was removed 

20 by evaporation. The mixtuie was extracted with ether (150 mL) and the organic solution 
was then extracted with a solution of NaOH (0.5 M, 150 mL). The aqueous solution was 
acidified with 2 M hydrochloric acid and then extracted with ether (150 mL). The organic 
solution was washed with brine and dried over Na2S04. The solvent was removed by 
evaporation and the residue treated with CQzOi- After filtration and drying ttiere was 

25 obtained 5.2 g (77 %) of 7<K;MonH23-dihydro-l,4-benzo£oxine-5*K:a^ 
:;r: NMR (400 MHz, acetone-de): 4.3-4.4 (m. 4H). 7.1 (d, IH), 73 (d, IH), 11-12 (b, IH). 

Method S3 
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34:vano-J\^rfm2-f4-fluoroDhenvn.4-oxob iityn.A^methvl-SA7.8-tetrahvdr^^ 
l-caifaoxamide 

(a)3-CyanO'N-[(2S)-2-(4rfluorophenyl)pent'4-en'l'ylJ-N-mea^'5A7,^^ 
tetrahydron<q>Mudene-J-carbaxamUb 

s 

[(2S)-2-(4-Fluotophenyl)pent-4-«a-l-yllinefli^ainine(Bfo<»rx. Med. Chem. Lett; 2001; 265 
- 270: 300 mg, 1^5 mmol) was dissolved in CB^2 ^ mL) and to tiie resultant solution 
were added DIFEA (440 mg, 3.40 mmol) togeflm with 3<yano-5,6,7,8- 
tetiiihydrona^hlluaaie-l-caibon^ chloride (WO 00/34243: 341 mg. 1.55 mmoD- The 

10 nuxtum was stilled for 2 h at RT.diloted with CHiCb (20 mL) and then washed with 
water, aqueous KHSO4 solution and finally wilfa brine. The solution was dried over 
N^04 and ttiai'evfqKnated. The residue was duomatographed on alica gel using a 
mixtnie of heptane and ethyl achate k eluoit (7:3). There was obtamed 460 11% (78 %) of 
tie tide compound as an oiL *H VfhSBi (400 MH^ CDQa): 0.8-4.2 (cm, 16H), 4.8-5.1 (m. 

IS 2H), 5.6-5.8 (m, IH), 6.7-7.4 (cm, 6H); MS: mfe 377 (M*). 

(b)3-<^yanO'N-[(2S)-2-(4iflmt^het^l)-4'-mcobiaylJ^ 
tetnhydnmiqih^uUene-l-caiboxamide 

20 3-Cyano-N-K2a)-2-(4-fluMoph«iyl)pent-4^-l-yl]-iV.mefliyl-5,6,7,8- 

tBtrahydRnuq[>hthalene-l-caibo»unide (460 mg, 1.22 mmol) was dissolved in a ndxtuie of 
acetone (8 mL), f-bu^ alcohcd (4 niL) and water (2 mL) under nitrogoi. 0804 Q.S% in t- 
butyl alcohcd. 0.165 mL. 0.01 mmxA) was added togethor witfi'4-m^yhnorpholine-4- 
oxide (630 mg, 5.4 mmol). The solution was stined at RT for 5 h and dien an aqueous 
- : 2S solution of NaHSOa (39 %, 12 mL) was added. The mixtuTB was stined for IS min. diluted 
: with water (SO mL) and thra extracted tbieetinKs with (3|2Cla.l1ieoiganics61udo^ 

:*-': dried over Na2S04 and ibea ev^orated. The reddue (570 mg) was dissolved in a mixture 
of THP (7 nd*) and wato (3 niL) and to tihe resultant solution was added sodium pMiodate 

. -t- ^87 mg, 134 nmiol). The mixture was stirred at RT ovonigK diluted with water (50 mL) 
:*'*: 30 and brine (30 mL) and then extracted twice with Cai^aa- The oiganicsdution was dried 
' . . over Na2S04 and then ev^orated. There was obtained 415 mg (89 %) the title 
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compound as an oil. *H NMR (400 MHz, CDCI3): 1.4-4.2 (cm, 16H), 6.6-7.4 (cm. 61^, 9.7 
(8,lH);MS:ni/z379(M*)- 

Method 54 

JV:rf2g^-2-r4-PMQroDhenvl>-it-oxohuWl%V.methvl-3.5 -his(trifluoroTnp.t^^^ 
(q)N-l(2S)-2-(4-flmrophenyl)pent--4-en'l'ylJ'N'methyW-bi^ 

[(2S)-2-(4-Fluotophenyl)pent-4-en-l-yl]methylamine (Bioorg. Med. Chem. Lett; 2001; 265 
- 270; 300 mg. 1.55 mmol) was dissolved in DMF (3 mL) and to tiie resultant solution 
were added 3,5-bis(trifluoroniethyl>benzciic add (440 mg, 1.71 mmol), TBTU (548 nag, 
1 .7 1 mmol) and DIPE A (803 mg, 6.21 mmol) in the given older. The mixtare was stined 
for 2 h atRT, diluted with an aqueous Boluti<m of NaHCXJs (saturated, 25 inL) and then 
extracted tiiree times with ethyl acetate. The combined organic solutions w«e washed 
three times with water and the* dried over Na2S04. The solvent was removed by 

evapwation and the residue was chromatogR^hed cm rfHca gel udng a mixture <rf heptane 
and ethyl acetate as eluent (4:1). There was obtained 576 mg (85 %) of the title compound 
as an oil. 'H NMR (400 MHz, CDdiY 2.2-2,4 (cm, 2H), 2.7 (s, 2H), 2.9-3.9 (cm, 4H), 4.9- 
5,1 (m. 2H). 5.4-5.8 (m, IH). 6.8-7.1 (cm. 3H). 7.2-7.5 (3H). 7.9 (s, IH); MS: mfe 434 
(M*). 

(b)N-l(2Sh2-(4-fluorophenyl)-4-^m>butyl^^^ 

JV^[(25)-2-(4-HuorophenyI)pffl«-4-en-l-yl]-N-melhyl-3,5-bis(tiifluoromethyl)benzand 
(570 mg, 1.32 mmol) was dissolved in a mixture of acetone (10 inL), f-buQrl alcohol (5 
mL) and watM (2.5 mL). Os04 (2.5% in *-butyl alcohol. 0.190 roL, 0.013 nmiol) was 
added together witfi 4-me^yhnoipholine-4-oxide (680 mg, 5.8 mmol). The sohition was 
stined at RT overnight and then ssOurated aqueous solution of NaHSOa (10 mL) was 
added. The mixime was stirred for 15 ndn, dUuted with water (50 mL) and thwi extracted 
three times wiA CH2CI2. The oisanic solution was wadied wift brine and then evaporated 
The residue (643 mg) was dissolved in a nuxture of THF (7 mL) and water (3 mL) and to 
the resultant solution was added sodium periodate (309 mg, 1.45 mmol). The mixture was 
stirred at room temperature overnight. dUuted with water (75 mL) and brine (40 mL) and 
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then extracted thiee times with ethyl acetate. The combined organic solutions were washed 
thiee times with water, dried over Na2S04 and then evaporated. The {noduct was purified 
by chromatography on silica gel using a mixture of hqptane and ethyl acetate as eluent 
(1:1). There was obtained 398 mg (69 %) of the title compound as an oil. NMR (400 . 
MHz, CDCI3): 2.6-3.9 (cm. 8H). 6.8-7.6 (cm, 6H). 7.9 (s, IH). 9.8 (s. IH); MS: m/z 436 
(M*). 

Method 55 

3.S-dichloro-//-r(2S>--2>f4-fluorophenvlV4>oxobutvn-jS^methvlbm2^ 
{a) 3,5'dichhrO'N-l(2S)'2'{4'ftuorophen^ 

[(25)-2-(4-Fluoxophenyl)pent-4CT*l-yl]methylamine iBioorg. Med. Chenu Lett; 2001; 265 
- 270; ISO mg, 0.78 mmol) was dissolved in CH2CI2 (5 mL) and to the resultant solution 
were added DIFEA (221 mg, 1.71 mmol) and 3,S-dichlorobrazoyl chloride (178 mg, 0.8S 
mmol) in the given Older. The mixture was stirred for 4 h at RT, diluted wi A 
mL), and tfira washed wiA water (10 mL),.aque6us KHSO4 (IM, 10 mL) and brine (10 
niL). The organic solution was dried ov^ Ni^S04* The solvent was removed by 
evaporation. There was obtained 214 mg (75 %) of the title conqpound as an oil. NMR 
(500 MHz, CSXhy. 2.2-2.4 (cm, 2H), 2.6 (s, 2H), 2.9-3.9 (cm. 4H), 4.9-5.1 (m, 2E0, 5.5- 
5.8 (m, IH), 6.7 (s, IH), 6.9-7.4 (cm. 6B0; MS: m/z 367 (M*). 

(b) 3,5^cmora'N-[{2Sh2'(4'fluorop}umyl^ 

3,5-I>iddoro-A^t(2S).2-(4-fluotophen3d)p«t-4-en-l-yq^^ 

(210 mg, 0.57 mmol) was dissolved in a mixture of acetone (4 mL), r-butyl alodiol (2 mL) 
and water (1 mL). OsCM (2.5% in r-butyl alcohol, 0.080 mL, 0.006 mmol) was added 
together with 4-m^ylmoEpholine-4-oxide (296 mg, 2.S2 mmol). The soluticm was stirred 
under nitrog^ at RT ovemig|it and then an aqueous solution of NaHSOa (39 %, 6 mL) was 
added. The mixture was stirred f or 30 min . dil uted with water (25 mL) and then extracted 
twice with CH2CI2. The organic solution was dried ovot Na2S04 and then evaporated. The 
residue (256 mg) was dissolved in a mixture of THF (3 mL) and wato: (1 mL) and to the 
resultant solution was added sodium periodate (135 mg, 0.63 mmol). The mixture was 
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stined at RT Ofverai^t, dilated with water (25 mL) and then extracted twice CHaPh. The 
combined orsudc solutions were dtted over Na^04 and then evi^orated. Thrae was 
obtained 146 mg (69 %) of the title conqpoond as an cril. 'H NMR (400 MHz, CDQs): 2.6- 
3S (cm, 8H), 64-7.4 (cm. 7H). 9.8 (s. IH); MS: m/z 369 (M^. 
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L A compound having the genefal fonnula (J) 
R1 




R2 R3 



wh^eui 

Het is a heterocyclic ring containing one or more nitrogen atoms 
10 Rl is hydrogen, hydroxy or lower alkyl 

R2 and R3 are independently hydrogen, lower alkoxy, halo, CE^ or cyano, provided 
that both are not hydrogen 

15 R4 is lower all^l 

Ar is an optionally substituted aromatic ring system selected Etom phenyl, pyridinyl, 1- 
naphthyl, S,6,7«8-tetrahydio-l-naphihyl, qumolinyl, 2,3-dihydro-l,4-benzodioxinyl, 
1,3-b^izodioxolyl, 5.6,7,8-teirahydroquinolinyI, 5,6,7,8-tetrahydroisoquinolinyl. 
20 S,6,7»8-tetrahydroquinazolin-4-yU l-ben2o[b]thiophen-.7-yl, l-ben2on>3thiopheto-4-yl, 
l-brazo[b]fhiophm-3-yl, isoquinolinyl, quinazolinyl and indan-4-yl, 

as afiree base ot any salt thereof 



2S 



wifh the proviso that compounds of formula (I) wherein Ar is unsubstituted phenyl are 
excluded. 
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2. A compound accoiding to claiin 1 » chaiacterized in that ttie heterocyclic ring Het is 
connected to the rest of the molecule at one of the nitrogen atoms of the ring. 

3. A compound according to any one of claims 1 or 2, characterized in that the heterocyclic 
s ring Het is selected from the group optionally substituted piperidino, optionally substituted 

a2epano» optionally substituted pynolidino, optionally substituted moipholino* optionally 
substituted oxazepano. c^onally substituted thiomozpholino, optionally substituted 
tfaiazqmno and optionally substituted pipera^o. 

10 4. A compound according to claim 3, charaQterized in tiiat the.heteiocyclic ring Hist is 
pip^dino optionally substituted at its four position witii hydroxy, oxo, methylthio, 
methylsuljBn^, methylsulfonyl, cyano, 13-dioxoIan*2-yl, lower alkoxy, amino optionally 
mono or disubstitnted vnih lower alkyl, acylamino optionally N-substituted witii lower 
alkylt (lower alkylsulfonyl)amino optionally N-substituted with lower aDcyl, or one or two 

15 fiuoro atoms. 

S. A conq^und aooonfing to claim 3, characterized in tfiat the het^K>cycIic ring Het is 
pynolidino optionally being substituted at its three portion with fiuoro, hydroxy or oxo. 

20 6. A compound according to claim 3, characterized in tiiat the heterocyclic ring Het is 
moipholino or thiomoipholmo optionally being substituted at its sulfur witii one or two 
oxygen. 

7. A con^und accordSng to claim 3, characterized in that the heterocyclic ring Het is 
. 25 piperazuio<q>tionallybdng substituted at tiie4-nitrogffl atom with lower all^ 
- ^ sulfonyl, lower acyl or lower alkyl to^tiier with oxygen. 

\:. 8. A compound accoiding to chum 1, chaiacterized in that Rl is hydrogen. 



30 



9. A compound according to claim 1, charactmzed in tiiat R2 and R3 are both cUoro or 
one is fiuoro and the otiier is hydrogen. 
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10. A compound according to claiin 9, chaiacterized in that R2 and R3 aie both cM<»o and 
attached in the three and four position of the phenyl ring or R2 is fluoro attached in die 
four position and R3 is hydrogen. 

s 1 1. A compound according to claim 1. charactmzed in that R4 is metfa^. 

12. A compound according to claim 1, characterized in that Ar may optionally be 
substituted at one or more of its carbon atoms in its aromatic moiety widi one or more 
groups independendy selected from cyano, halo, lower aOcyl, lower alkoxy, rutio, 

10 trifluoiomethoxy, difluoromethoxy, trifluocornethylt lower alkylsulfinyl, lowcec 
alkylsulfonyl, lower alkylfMo and trifluoromediylsulf onyloxy. 

13. A compound according to claim 1, characterized in that 
Het is thiomoriAolino, moipholino or oxidodiicmioipholino, 

15 RlisH, 

R2 and R3 are fiuoro and hydrogen, respectively, fluoro being preferably in para 
position, 

Ar is 3-cyano-S,6,7,8-tetrahydro-l-naphdiyL 

20 14. A conqpouiid according to claim 1 selected from 

//-[(2S>2K3,4-dicUoroidienyl)-4-(3-oxidodiiomotphoUn-^ 
methyl-3,S-bis(trifiuoromediyl)benzamiGte acetate, 

3<«yano-2Sr-{2«(4-fluorophenyI)-4-[3<l-oxidoduomorphofin-4-yl)azeti^ 
metfayl-l-naphthamide acetate, 

3-cyano-JV-{2-<4-fluorophen^)-4-[3-(l-oxidotM<snorpholin-^ 
mefhyl-S,6,7,84etrahydronq[>hthalen&-l-«arboxarnide acetate, 

3<yano-iV^{2-(4-fluorophenyl)-4-[3-(4-hydroxypiperidin-l-yl)azetid^ 
metfayl-S,6,7,8-tetrahydroiiaphthalene-l-carboxarnide, . 




3-cyano-N<-[2K4-fluoicqphenyl>4-(3-moipholin-^ 
tetndiydmnaphfhalene-l-caiboxamide, 

3- cyano-N-{2<4«fluQtophenyI)-4-[3-(4-hydioxypiperidi^ 
5 metibyl-1 -nsq^hthamide, 

4- fiuQro-iV'-[2-(4-fluorophenyl)-4-(3-mofpholm 
tetidiydroiuiphfhalene-l-caiboxain^ 

10 3<:yano-jy-[(2S)-2K4-fluoiophenyl)-4-(3Tmo^ 
5.6J,8-teliahydi0tuqphfhalene-l-caiboxainide« 

//-{(2S)-2^(4-fluonyphenylH-[3<4-hydroxyinperi 
3,S-bis(triflaozoiiietti^)benzaimde, or 

15 

3.S-DichlQio-JV'*[(25)-2<4-fiuoiophCTyl)-4^ 
methylbenzamide. 

IS* A process for piepaiing a compound according to any one of claims 1-14, wbidi 
20 process compdses a) rBactingaoompolmdoftflefo^nuU(^0 with a compound of the 
formula (XV): 




H 



(m) 



25 



1(»096-2SE 




whetein Hbt, and Ar ate as hetelnbefote defined; and the conditions aie such that 

reductive alkylati<m of the compounds of the fommlae QU) fonns an N-C bondbetweoi 
s the nitrogen atom of the azetidine gxmp of the compounds of fommlae (JU) and tfie caibon 
atom of the aldehyde gfoup of die compounds of fomiulae (JV); or 
b) leacting a compound ofthe formula (in) Mdtii a compound of tte 




whmin R1-R4, Het,. and Ar are as hereinbefore defined; and L is a group such that 
alkylation of the compounds of the fonnulae (00) fonns an N-C bond between the nitrogen 
atom of Ae azetidine group of the compounds of fonnulae QH) and the carbon atmn of the 
compounds of fonnulae (V) tiuit is adjacent to the L groi^; or 
: 15 c) reacting a compound of the fonnula (VI) with a conqpound of the formula (VH): 
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(vn) 



wheidn Het and Ar aie as hetmnbefcoe defined; and L* is a leaving group; 

$ wherein any otfaor functional group is protected, if necessary, and: 

i) removing any protecdog groups; 

ii) opdonally oxidizing any oxidizeable atoms; 

iii) qptionally fonning a phannaceutically acceptable salt. 

10 16. rert-Buiyl [(2S)-2K3»4-dichlorophenyl)-4-(3-tWonioipholin-4-yla» 
yl)bntyl]niediylcaibamate» 

[(25)-2K3,4HficWotophMyI>4-(3-Aiomoiph6to 

15 [(25)-2-(3,4-dicbloiophcmyl)-4-|><l-oxidothiomQrph^ 
yl]butyl]niethylaniine, 

l-[l<diphenylnietliyl)azetidin-3-yl]pyrrolidin-3-ol, 

20 8-[l-(dtphenylniethyl)a2etidin-3-yl]-l,4-dioxa-8-azas^ 

8-azetidin-3-yM »4-dioxa-8-azaspiro[4.Sldecane, 

3-cyano-Ar-[(2S)-2-<3,4-dicMon>phenyl)-4-(3-hyd^^ 
naphdiainide, 

3-cyano-N-[(2S)-2<3,4-dichlon)phenyl)-4-(3-hydn>xyazeti*^^ 
naphthamide. 



101096-2 SB 



57 

tertAMyl [2-(4-nuorophenyl)-4K3-thiomojphoUn-4-yla2etidin-l- 
yl)butyl]methylcaxbainate, 

[2-(4-fluorophenyl)-4-(3-thiomoipholin-4-ylazetidin-l-^^^ 
efhyl S-cyana-l-benzothioi^ene-7-^caiboxylate, 
S-cyano-l-benzotfaiophene-7-catboxylic acid» 
10 3<yano.JV^[2-(4-fluorophenyl)pOTt-4-TO-l-yl]-^^ 
3K;yano-iV^[2-(4-fluoiophenyl)-4-<xxobutyl]rA^ 
{2-(4-bn>mophenylH-[(triisopxpp^ilyl)oxy^^^ 

15 

r^rr-butyl {2K4-biomophmyl)-4-[(trii8opiopylsUyl)oxy]butyl}iii^ 
teft-bmyl {2'<4^:yanoidimyl)'4-[(triisopropylal^)oxy]biityl^ 
20 4-{3-hydioxy-l-[(meftylaimno)methyl]propyl)te 
3-<ya]u>-^r*[2-(4-cyanophenyl)-4-hydn)xybQty^^ 

3-<yano-W^[2-<4-cyanophcnyl)-4-oxobuQfl]JV^meft 

• ... 

25 

ferr-butyl [2-(4-fluorophenyl)pem-4-en-l-yI]mefbylcaibaii^ 

'-. 30 telf-butyl ^4-fluoiophenyl)-4-oxobiutyl]iiielh;^caibania^ 
7-cMoix>-2,3-dihydro-l,4-beiizodioxine-S-caibaldehyde, 
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3-Cyano-N-[(2S).2-(4-flu(m)phenyl)pent-4-^ 
tetndiydxonaphtfialeiie-l-cad>oxainide, 

N4(2S)-2-(4-fluoiophenyl>4K>xobu^ll-N-melhyl-3^-^^^ 

N-[(2S>2<4-fluoiophenyl)pent-4«i-l-yl]-N-me&^ 

N-[OS>2<4*fluorophenylH-oxobut^]-N-methyl-3,5-W^ 

3,5-dicWoro-N-[(2S)-2<4-fluorophenyl)peiit-4^ or 

3^-^cMon)-N-[C2S)-2<4-fluoiophenyl)-^ 

as a free base or any salt tfaexeof . 

17, A phannaceutical fonnulation comprising as active ingredient a then^euticany 
effective amount of the compound of any one of claims 1-14 as a single raantiomer, a 
racemate or a roixtuie thweof in tiie form of a free base or a pbaxmaceutically acceptable 
salt or solvate thereof optionally in association with diluents, excijnents or inert cardeis. 

18, Use of the compound according to any one of claims 1-14, or a phannaceudcally 
acceptable salt or solvate thereof, in the manufacture of a medicament for use in the 
loevention or treatment of respiratory, cardiovascular, neuro, pain, oncology, inflammatory 
and/or gastrointestinal disorders. 

19, The use of the compound according to claim 18, or a pharmaceutically acceptable salt 
or solvate tiheieof, in the numufacture of a medicament for use in the prevention or 
treatment of asthma, allergic rhinitis, pubnonary, cou^, cold, inflammation, chronic 
obstructive pubnonary disease, airway reactivity, urticaria, hypertension^ rheumatoid 
arthritis, edema, angiogenesis, pain, migraine, tension headache, psychoses, depression. 
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anxiety, Alzhdmer's disease, schizophrenia, Huntington's disease, bladder hypennotility, 
urinary incontinenoe, eating disorder, manic depression, substance dependence, movement 
disorder, cognitive disorder, obesity, stress disorders, micturition disorders, mania, 
hypomania and aggression, Upolar disorder, cancer, carcinoma, gastrointestinal 
s hypermotility, gastric a8ttuna,Q»hn*8 disease, gastric emptying disorders, ulcerative 

cotitis, irritable bowel syndrome, inflammatory bowel disease, emesis, gastric motiUty 
disorders or gastro-esophageal reflux disease (GERD). 

10 20. A metiiod of preventing or treating res^tory. cardiovascular, neuro, pain, oncology 
and/or gastrointestinal disorders comprising administering an effective amount of tixe 
conqpound acccnding to any one of claims 1-14. 

21. The mefliod according to claim 20 wherein gastrointestinal hypermotility, gastric 
IS asthma, Crohn's disease, gastric emptying disorders, ulcerative colitis, irritable bowel 

syndrome, inflammatory bowel disease, emesis, gastric motiUty disorders or gastro- 
Mo^hagsal t^ux disease (OERD) is prevented oi treated. 

22. A con^und as d^ned in any of daims 1-14 foruse in ttierapy. 

30 

23. A compound as defined m claim 22 for use in ti» prevention or treatnaent of 
respiratory, cardiovascular, neuro. pain, oncology, inflammatory and/or gastrointestinal 
disoidas. 

25 

24. A compound as defined in claim 23 fbr use in the ^venrion or treatment of astiuna, 
allergic rhinitis, pulmonary, cough, cold, inflammation, chronic obstructive puhnonaiy 
disease, airway reactivity, urticaria, hypertension, rheumatoid arthritis, oedema, 
angiogenesis, pain, migraine, tension headache, psychoses, depression, anxiety, 

3b Alzheimer's disease, schizophrenia, Huntington's disease, bladder hypermotiUty, urinary 
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incontinence* eating disoid^, manic depression^ substance dependence, movement 
disorder* cognitive disotdw, obesity, stress disorders, micturition disorders, mania, 
hypomania and aggression, bipolar disorder, canca, carcinoma, fibromyalgia, non cardiac 
chest pain, gastrointestinal hypemiotility, gastric astbma, Crohn's disease, gastric 
5 eniqptying disorders, ulcerative colitis* iiritsEd>Ie bowel syndrome, inflammfttoiy bowel 
disease, emesis, gastric motility disorders or gastro-esophageal reflux disease (CSBRD). 

25. A compound as defined in any of claims 1-14 for use as an NK1/NK2 antagonist. 

10 26. A compound having the general fonnula (I) 
Nets 




R2 R3 



wherein 

15 Het is a heterocyclic ring containing one or mcae nitrogffli atoms 
Rl is hydrogen, hydroxy or lower alkyl 

R2 and R3 are independentiy hydrogen, lower alkoxy, halo, GP3 or cyano, provided 
20 tiiat both ace not hydrogen 

R4 is lower alkyl 

Ar is an optionally substituted aromatic ring systrai selected from substituted phenyl, 
25 pyridinyl, l-naphthyl, S,6,7,8-letrahydro-l-n^hthyl, qumolinyl, 2,3-dihydro-l,4- 
benzodioxinyl, 1,3-benzodioxolyl, 5,6,7,8-tetrabydroquinolinyl, 5,6,7,8- 
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tetrahydroisoquinolinyl, S,6,7,8-tetrahydroquinazoUn-4-yl, l-beMo[b]thiophen-7-yl, 
I-benzo[b]thiophen-4-yU l-benzo[b]th]ophen-3-yl, isoquinolinyl, quinazolinyl and 
indian*4-yl» 

5 asafireebaseorany salttheieof. 
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ABSTRACT 

The piesmt invmtion relates lo a compound having the gen^ fonnula (I) 




5 R2 R3 

wherein 

Het is a heteax>cyclic ring containing one or more nitiogjen atoms 
10 Rl is hydrogen, hydroxy or lower all^l 

R2 and R3 are indepmdently hydrogen, lower alkoxy, halo, CP3 or cyano, provided 
that both are not hyidrogen 

15 R4 is lower all^l 

Ar is an optimally substituted aromatic ring system selected ficom phenyl, pyridinyl, 1- 
nqditfiyl, 5»6,7,8-telrahydro-l-naphfliyl, qiunolinyl, 2,3"dihydro-l,4-benzodioxinyl, 
' 1 3-benzodioxol^, S,6,7,8-tetndiydroquinoIin^, S,6,7,8-tetrahydroisoquinolinyl, 

: 20 S,6,7,8-tetrahydroquinazolin-4-yl, l-bOTzo[b]ttuo^en-7-yl, l-benzo[b]fhiophm-4*yl, 

^' - l-ben2o[b]diiophen-3-yl, isoquinolinyl, qninazolinyl and indan^-yl, 

*' with the proviso ttiat compounds of formula (I) wherein Ar is unsubstituted phenyl are 

,f excluded, as a free base or any salt thereof, to pharmaceudcal composition containing 

" I 25 said conq)Ounds and to the use of said compounds in tbccspy. The present invention 
. : ' furdier relates to processes for the preparation of compounds of formula I and to new 

intermediates used in the preparation diereof. 
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